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EXECUTIVE SUMMARY

The American Creosote Site in Jackson, Tennessee was discovered by the State officials in 1981,
and was placed on the NPL in 1984. The site was a wood preserving facility which used creosote
and pentachlorophenol in its operations. Site soil and groundwater were contaminated with these
compounds during the operations at levels that posed human health and environmental hazards.
The operator did not address the problem before filing for bankruptcy in 1982. Therefore, EPA
and the State have been responsible for conducting the necessary clean-up activities which began
in 1981, and are still on-going.

Wastes and other hazardous materials stored on-site and abandoned by the operators were
removed and properly disposed of under EPA's emergency response authority in 1983. Other
activities aimed at protecting surface water, discouraging trespassing and preventing accidental
exposure to contaminated soil were conducted as Operable Unit 1 RA in 1984. In September
1996, EPA issued the Operable Unit 2 Record of Decision which focused on the contaminated
soil cleanup and the monitoring of groundwater, surface water, and sediment. The soil cleanup
was conducted in 1999 using stabilization/solidification (S/S) technology. Monitoring of
groundwater, surface water, and sediment began in June 2000, and will end in May 2005, in
accordance with the OU2 ROD requirements. Site Operations and Maintenance (O & M) which
is the State's responsibility will begin in June 2005.

This report is the first Five-Year Review of the soil and groundwater Remedial Action or the
OU2 RA. The Review is a statutorily required evaluation of current site conditions relative to the
cleanup activities conducted at the site to date. Two previous Reviews of the site were
conducted to evaluate the performance of the OU1 RA. The Reviews were conducted in 1995
and 2000 respectively.

As part of the evaluation of current site conditions, soil samples collected during and after the
S/S construction were analyzed and compared to the remedial action goals and the remedial
design criteria. It was determined that the affected soil was remediated to the desired standard.
As a result, the site is available again for industrial activities. In fact, it has been acquired
recently and it is being used by the purchaser, Jackson Energy Authority (JEA) for equipment
storage.

Groundwater sampling information was analyzed also. The conclusions were that site
contaminants remain in the groundwater within site boundaries at concentration levels
comparable to the levels before the soil was remediated indicating that the local groundwater is
prevented from deteriorating by the remedy. The site is precluded from being used for residential
purposes by the local zoning ordinance. Therefore, no on-site domestic wells are expected to
penetrate the aquifers in the future. In addition, EPA and the State included site use restriction
clauses in their separate property acquisition agreements with JEA. Groundwater outside the site



indicated elevated levels of site contaminants after soil remediation. However, the concentration
trends and current levels do not appear to pose a threat to human health or the environment.

The main observations made during this review and the recommendations for addressing them
are as follows:

1. Liquid waste containing creosote was drained from the contaminated soil as part of the
solidification/stabilization project. However, certain monitoring wells have indicated recently
that additional recovery of such waste is necessary. It is recommended that the waste be
recovered periodically by pumping the affected wells and disposed of at an appropriate offsite
location. However, funding of such work after the ongoing RA officially ends in May 2005,
would require a decision document such as an Explanation of Significant Differences (ESD).

2. Groundwater has been sampled bi-annually since June 2000. In the final year of monitoring
required by the OU2 ROD, it is recommended that the groundwater be sampled quarterly to
allow adequately for the effect of seasonal weather conditions on contaminant concentrations.

3. A recent tornado, which went through the area, damaged the site fencing and left debris on-
site. The fence should be repaired immediately to control un-authorized access and the debris
should be removed.

4. Low spots and bare areas were observed on the treated and capped soil. The low spots require
fill dirt ancHhe affected portions of the cap should be re-seeded to maintain effective run-off of
precipitation.

Based on available information, this Five-Year Review indicates that the remedy implemented at
the site is effectively protecting human health and the environment. The Review concludes that
the site should remain safe in the long-term if the issues identified in this report arc addressed
appropriately.



ACVV SITE FIVE -YEAR REVIEW SUMMARY FORM

SITE NAME: AMERICAN CREOSOTE WORKS EPA ID # TND007018799

REGION: 04 STATE: TN CITY/COUNTY: JACKSON/MADISON

LTRA?: NO CONSTRUCTION COMPLETION DATE : MAY 15, 2000

FUND/PRP LEAD: FUND LEAD AGENCY: STATE NPL STATUS: ACTIVE

HAS SITE BEEN PUT TO USE? YES

WHO CONDUCTED THE REVIEW: US EPA REGION 4 & TN SUPERFUND STAFF

NAME OF AUTHOR &AFFILIATION: FEMI AKINDELE, US EPA REGION 4

SITE INSPECTION DATE: 3/25/2004

REVIEW TYPE: STATUTORY REVIEW #1 DUE DATE: 5/10/2004

TRIGGER ACTION/DATE: DATE RA CONTRACTOR MOBILIZED TO SITE-5/10/1999

TRIGGER ACTION DATE: 5/10/99

Issues & Recommendations:

1. Non-aqueous phase liquid has been found in certain monitoring wells recently. The waste
should be recovered and disposed of appropriately. It is likely that additional liquid wi l l drain
into the monitoring wells in the future. Such waste should be recovered periodically and
disposed of properly. A decision document such as an ESD would be required to describe the
reason for such additional remedial work and the necessary funding.

2. Sample key monitoring wells quarterly instead of biannually as currently done. This will
ensure that seasonal weather conditions are adequately accounted for relative to the measured
contaminant concentrations. It will also ensure that actions are initiated without delay if site
contaminants should migrate offsite at unacceptable levels.

3. Repair the damaged fence sections and remove debris caused by recent tornado.

4. Place fill dirt in low spots over the treated soil area and maintain grass coverage to ensure that
precipitation continues to drain effectively.



Protectiveness Statements: The remedy implemented at this site currently protects human
health and the environment based on the information evaluated in this report. It has eliminated
exposure to soil contaminants and reduced contaminant run-off into the area surface water. In
addition, it is controlling leaching of contaminants into the groundwater. If the
recommendations made in this document are implemented properly, the remedy should remain
protective in the long-term.

Approved by ] i_A/Jl. » ./ tuy/iAA' fo-L Date_
Winston A. Sffiith,
Director
Waste Management Division
US EPA Region 4



FIVE-YEAR REVIEW REPORT
AMERICAN CREOSOTE WORKS SUPERFUND SITE

JACKSON, TENNESSEE

I. INTRODUCTION

The purpose of Five-Year Reviews is to determine if a remedy conducted at a site is protective of
human health and the environment. Methods, findings, and conclusions of reviews are
documented in Five-Year Reports. In addition, the reports identify issues found during the
review, if any, and make recommendations to address them.

The Agency has prepared this Five-Year Review pursuant to CERCLA § 121 and the National
Contingency Plan (NCP). CERCLA §121 states:

"If the President selects a remedial action that results in any hazardous substances, pollutants, or
contaminants remaining at the site, the President shall review such remedial action no less often
than each five years after the initiation of such remedial action to assure that human health and
the environment are being protected by the remedial action being implemented. In addition, if
upon such review it is the judgement of the President that action is appropriate at such site in
accordance with section 104 or 106, the President shall take or require such action . The
President |hall report to the Congress a list of facilities for which such review is required, the
results of all such reviews, and any actions taken as a result of such reviews."

The Agency interpreted this requirement further in the NCP; 40 CFR §300.430(f)(4)(ii) states:

"If a remedial action is selected that results in hazardous substances, pollutants, or contaminants
remaining at the site above levels that allow for unlimited use and unrestricted exposure, the lead
agency shall review such action no less often than every five years after the initiation of the
selected remedial action."

This document is the report of the first Five-Year Review of the Operable Unit 2 Remedial
Action (OU2 RA) at the American Creosote Site, Jackson, Tennessee. Two previous Five-Year
Reviews were conducted for the site in 1995 and 2000, respectively, to evaluate OU1 RA. The
second OUl Review report indicated that a separate Review of OU1 was no longer appropriate
and that OU2 Reviews would address the entire site. Thus, the present document is the third
Five-Year Review report for the site, but the first Five-Year Review since implementing the OU2
RA. Therefore, this Review evaluates the performance of all remedial activities conducted at the
site to date.



II. SITE CHRONOLOGY

TABLE 1: CHRONOLOGY OF EVENTS

EVENT

State officials began enforcement action and site sampling

NPDES permit issued to ACW by State

ACW stopped wood preserving operations

ACW went into Chapter 11 bankruptcy

. EPA conducted site reconnaissance

EPA initiated sampling and emergency removal actions

Site put on the NPL

RI/FS conducted

Record of Decision for OU1 issued

OU1 Remedial Action conducted

OU1 RA-Superfund-State Contract signed

Support Agency Cooperative Agreement signed

OU2 RI/FS conducted

First OU1 Five- Year Review

OU2 ROD issued

OU2 Treatability studies/RD conducted

EPA approved and funded State-lead OU2 RA

OU2 RA construction conducted

Construction Complete/Preliminary Close-out Report issued

Groundwater monitoring began

Second OU1 Five-Year Review

DATE

November 1981

December 1981

December 1981

May 1982

March 1983

May 1983

1984

1985-88

January 1989

Jan 1989 - Aug 1991

May 1989

April 1993

March 1993-Sep 1996

January 1995

September 1996

Oct 96 - Sep 97

Sep 1998

May 1999- May 2000

May 2000

June 2000

Sept 2000
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III. BACKGROUND

Location

The American Creosote Works Site (ACW) is a 60-acre parcel of land located immediately
southwest of downtown Jackson, in Madison, Tennessee. It is bounded on the south by the
Seaboard Railroad, on the southwest by the south fork of the Forked Deer River, on the west and
north by Central Creek, and on the east by an industrial yard.

Physical Characteristics

The general area is characterized by a gently rolling topography with marshy flood plains with a
maximum relief of approximately 100 feet. Relief at the site is about 20 feet and the topography
includes numerous swales, lagoons and other low lying areas! A few building structures remain
at the site and it is surrounded by chain-link fencing.

Land and Natural Resource Use

Land in the area of the site is primarily used for industrial, commercial, and residential
purposes. Natural resources include forests, pastures, surface water, groundwater, sand and clay.
Although the area is wooded, the trees are small in size and do not appear to be of timber grade.
Sand has been mined from all accessible geologic formations in the local area and extensive
Wilcox clay mining has been conducted outside of the site.

The site is within an area drained by numerous major streams. Two of these, the South Fork of
the Forked Deer River and the Central Creek, form the boundaries of the site. The South Fork of
the Forked Deer River flows through Jackson, and is one of the principal rivers of the State. It
was once used for steamboat travel and has a drainage area of 495 square miles.

History of Contamination

ACW was an abandoned 60-acre industrial facility which utilized creosote and
pentachlorophenol (PCP) to preserve wood. The plant was operated from the early 1930s to
December 1981, by the American Creosote Works, me., which went bankrupt in May 1982. Due
to the bankruptcy, no potentially responsible parties have been involved in the remedial
activities conducted at the site.

Between early 1930s and 1973, the plant discharged untreated process water on-site with
minimal control and routinely polluted the Forked Deer River. In 1973, a levee was built around
the facility to contain the wastewater and surface runoff. Between 1974 and 1975, the plant
installed a wastewater treatment system and oil-water separators to control environmental
pollution. Pits created during the construction of the levee were used to store treated process
water and sludge, but the pits frequently overflowed during heavy rains, flooding the main



process area, and releasing waste into the river.

Enforcement actions began at the site in November 198L when the State installed four
monitoring wells around the property to assess the site's impact on the environment and its
potential effect on human health. In December 1981, the facility was issued a National Pollution
Discharge Elimination Systems Permit. In the same month, the plant closed down. The operator
filed for bankruptcy protection under Chapter 11 in May 1982. During 1982 and 1983, the State
conducted several inspections of the facility. All inspections resulted in citations for permit
violations by the operator. Concurrently, the State collected environmental samples to evaluate
the site and concluded that human health and the environment were at risk due to the prevailing
conditions. In view of the facility's conditions and the operator's insolvency, the State requested
the assistance of EPA's Region 4 emergency response group in June 1983.

In late 1983, EPA inspected the site and conducted environmental media sampling which
confirmed the State's sampling results that the soil, surface water, sludge, and shallow sub-
surface water were contaminated by creosote and PCP. This lead to an immediate removal,
treatment, and proper disposal of several thousand gallons of hazardous liquids and sludge at a
cost of approximately $735,000. The site inspection and sampling results were analyzed to rank
the site for the National Priorities List in 1984.

Basis for Taking Action

In 1985, EPA approved an action memo to fund a Remedial Investigation/Feasibility Study
(RI/FS) for the site. The RI/FS was conducted by the US Army Corps of Engineers under an
Interagency Agreement with the EPA. Based on the results of the work, the decision was made
to clean up the site in two phases or Operable Units (OUs).

Contaminants of concern included arsenic, dioxin, PCP, and polyaromatic hydrocarbons (PAHs).
The site posed potential human health hazards and environmental threats primarily through
incidental ingestion of site contaminants, dermal contact with contaminated soil, and/or
inhalation of contaminated dust by trespassers and unprotected workers at the site. In addition,
groundwater, surface water, and sediments from the site, which were contaminated with creosote
and PCP, were transported offsite by various mechanisms, thereby posing a threat to human
health and the environment outside the boundaries of the site.

IV. REMEDIAL ACTION

Remedy Description

The OU1 Record of Decision (ROD), issued in January 1989, identified the following clean-up
activities:

1. Deed restrictions to limit further use of the site
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2. Construction of flood protection dike around the site and site stabil ization.

3. Removal and disposal of tanked liquids and sludge.

4. Removal and disposal of site structures.

5. Installation of security fencing around the site.

The remedial requirements for OU1 were accomplished between January 1989 and August 1991,
except that some of the site structures remained to be demolished and no deed restriction was
filed. The flood protection levee was constructed and functional by early 1989. It was upgraded
for improved effectiveness in 1990. Tanked liquids and sludge were accumulated, treated on-site
and finally incinerated off-site. Several site structures, including buildings and tanks, railroad
lines, railroad ties, and other plant equipment determined to constitute immediate hazards were
demolished, dismantled and/or salvaged. Chain-link security fence was installed around the
entire site in 1991.

OU1 activities focused on mitigating hazardous conditions at the plant process area, protecting
the River, and preventing indiscriminate access to the site. Other problems and remedial
activities related to contaminated soil and groundwater were deferred to future operable units.
To maintain site surveillance during the period of planning for soil and groundwater remedial
activities, Site Stabilization activities were provided for and funded through a Superfund-State
Contract dated May 1989, and a Support Agency Cooperative Agreement dated April 1993. The
Site Stabilization activities were conducted between 1993 and 1998, by the State. These
included general site up-keep, maintenance of the flood prevention equipment, the perimeter
fence, site grounds, erosion control, and lagoon water sampling.

Additional Remedial Investigation and Feasibility Studies were conducted at the site to evaluate
its soil and groundwater contamination issues. The studies concluded that soil and water
contamination was severe in several portions of the site and resulted in the decision to conduct a
final remedy at the site. On September 30, 1996, EPA issued the OU2 ROD which concluded
that the site would continue to be used as an industrial property. Therefore, industrial clean-up
scenarios were found appropriate for the site. It also concluded that there was no evidence of
groundwater contamination outside the boundaries of the site, but that the groundwater required a
long-term monitoring program to ensure that its condition would not deteriorate with time.
Therefore, the ROD specified a remedy which called for removal and offsite disposal of liquid
waste, solidification/stabilization (S/S) of contaminated soil, deed restriction, and monitoring.
The liquid recovery component was aimed at draining creosote and water from affected soil to
enhance the effectiveness of the S/S. The liquid would be treated on-site before final disposal at
EPA approved off-site facilities. The S/S phase would stabilize residual contaminants to limit
their mobility, and solidify contaminated soil into a mass of treated waste with minimal
disintegration potential. This would be achieved by excavating and mixing contaminated soils
with appropriate chemical reagents such as Portland cement. The final product would be buried

13



in the excavated area, properly graded, and capped. The other requirements of the remedy were
insti tutional control which would be reflected in the property deed l imit ing the site to industrial
use, and a five-year sampling program to monitor contaminants in the groundwater, surface
water, and sediment.

Industrial risk-based, soil remedial goals specified by the ROD in mg/kg (ppm) are : arsenic, 225;
benzo (a)pyrene, 41.5; dibenzo(a,h)anthracene, 55; pentachlorophenol, 3,000; and dioxin,
0.00225. These clean-up goals were calculated to achieve the cancer risk protection level for
future adult workers and were determined to be protective of current youth trespassers also.

While the ROD was under preparation, EPA's National Risk Management Research Laboratory
(NRMRL) in Cincinnati , Ohio began to provide technical support for the site as requested by
Region 4. In early 1996, NRMRL included the American Creosote Site in a national study of
wood preserving waste treatment using solidification/stabilization (S/S) technologies. Science
Applications International Corporation (SAIC) conducted the study for NRMRL. Contaminated
soils were collected from three sites and three S/S vendors were chosen to treat the soils with
several different chemical formulations. The results of the study indicated that soil contaminants
associated with preserving wood by PCP, and creosote, could be immobilized effectively using
S/S technologies.

To demonstrate successful application of the formulations, solidified products were subjected to
leach tests, in addition to measurements of permeability and unconfined compressive strength
(UCS). The following analytical results were obtained.

Arsenic <50 ppb
Pentachlorophenol <200 ppb
BAP potency < 10 ppb
Dibenzo(a,h)anthracene <4.4 ppb
TCDD-TEQ <30 ppq
Permeability <lxlOE-6 cm/sec
UCS (28 day cure) >100psi

In October 1996, NRMRL issued a follow-up Work Assignment (Contract No. 68-C5-0001, WA
1-20) to SAIC to conduct a site specific, S/S treatability study for ACW soils using various
mixtures of Portland cement, fly ash, carbon, lime and/or kiln dust. The above laboratory results
which were obtained from previous tests were specified as treatment goals for the site specific
study. The study was completed in late 1996, and the results were reported including reagent
mixtures, ratios, and associated costs for meeting the specified treatment goals.

EPA contracted with Bechtel to conduct a performance based remedial design for the site in early
1997. Under the contract, Bechtel reviewed pertinent site reports, acquired and evaluated a
limited amount of new field data. The remedial design (RD), which was completed in September
1997, was prepared in accordance with the OU2 ROD and the S/S treatability study results. As
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requested by EPA, Bechtel prepared the RD report in the format of a bid package which could be
used easily as part of a request for proposal at a later date.

Remedy Implementation (OU2)

With the RD in place, and because the State's technical staff had been involved actively in the
remedial activities conducted by EPA at the site, the Region believed that, with appropriate
technical support from EPA, the State could take the lead for the remaining OU2 remedial
activities. Therefore, EPA encouraged the State to consider conducting the remedial action. In
August 1998, the State submitted a Fund-financed State-lead Cooperative Agreement for the
work. EPA approved and funded the agreement for a total amount of $6,000,000 in September
1988. This funding includes the State's ten percent cost-share.

The State prepared the OU2 RA scope of work and requested bids from several companies in
early October, 1998. A pre-bid meeting, which was mandatory for all interested bidders, was
held later in the month to discuss the RA requirements and to visit the site. EPA personnel from
the Region and NRMRL attended the meeting to assist the State. Four companies submitted
bids for the project at costs ranging from 2.8 to!2 million dollars, with OHM Remediation
Services Corp. being the lowest bidder. A review of OHM's proposal and a meeting with the
company's personnel by the State and EPA confirmed that the Company could perform the OU2
RA satisfactorily. Therefore, the State awarded the contract to OHM in March, 1999.

Remedial action construction began in May 1999. As part of the work, several site structures
were demolished and removed from the site or broken-up, treated and buried on-site. Creosote
and water were drained from the soil and disposed of at an EPA approved off-site location.
Contaminated soil was excavated and treated with cement, carbon, and fly ash before back-filling
and compacting. Buried materials were covered with a geosynthetic clay liner, and capped with
twenty-four inches of clean fi l l . The final phase of the remedy construction was site grading and
seeding with grass which were accomplished on May 11, 2000. The property is restricted by the
County zoning ordinance to industrial uses only. In addition, EPA and the State have imposed
land use restrictions on the property through their separate property acquisition agreements with
JEA. These agreements became effective in June 2003 and February 2004 respectively.

A total of approximately 81,000 tons of contaminated soil from various parts of the site , 520,000
gallons of contaminated water and 16,000 gallons of creosote were processed during the OU2
RA. The treated soil was buried on-site, compacted and capped in an area of approximately
seven acres. The cost of the OU2 Remedial Action to date is approximately $3.5 million,
including the S/S work and the on-going groundwater monitoring.

Summary of Last Five-Year Review

The present Five-Year Review is the first for the OU2 Remedial Action. However, two Five-
Year Reviews were conducted for the OU1 remedy in 1995 and 2000. The reports for both
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Reviews concluded that the activities conducted during the OU1 Remedial Action met their
objectives. In addition, the report of the 2000 Review indicated that a separate Review of the
OU1 remedy was no longer necessary, because the OU2 Five-Year Reviews would address the
entire site. See Appendix A.

V. PROGRESS OF OU2 REMEDIAL ACTION

The soil cleanup at the site was documented in the OU2 Remedial Action Report and the
Preliminary Close-Out Report prepared in 2000. Both documents indicated that the S/S was
constructed satisfactorily. The RA report detailed the construction process and tests run to
substantiate that the work was performed to meet the requirements of the ROD. As shown in
Appendix B, excerpted from the RA report, confirmatory test results obtained during the S/S
compared favorably with the specified clean-up goals. A copy of the Preliminary Close-Out
Report with further information on the soil remediation is in Appendix C.

As stated previously, Long-term Monitoring was specified in the ROD as part of the OU2 RA to
address groundwater cleanup. To date, the following field activities have been conducted to
satisfy this requirement:

Date Activities

May 2000 3 unserviceable monitoring wells abandoned, 4 new wells
installed, 47 monitoring wells sampled

November 2000 Sampling of 20 monitoring wells

April 2001 Sampling of 32 monitoring wells

December 2001 Sampling of 18 monitoring wells

June 2002 Sampling of 26 monitoring wells and Geoprobe work

March 2003 Sampling of 18 monitoring wells

The purpose of the above monitoring activities is to evaluate the condition of the groundwater in
the area relative to site contaminants after the S/S construction. Previous studies of the site
showed that the aquifers underlying the property were contaminated by wood treatment
compounds, but to an extent that did not require groundwater treatment. In addition, an extensive
investigation of the groundwater outside the boundaries of the site concluded that the site did not
pose a risk to human health or the environment. Therefore, the S/S conducted at the site was
designed to prevent the deterioration of the aquifers by ensuring that site contaminants would not
continue to leach appreciably into the groundwater. The current condition of the groundwater is
evaluated on the basis of the data from the sampling activities which are detailed in Appendix D.



Analysis of the laboratory results in Table 3 of Appendix D shows that the main contaminants
identified in the groundwater are three volatile organic compounds (VOCs), eleven polynuclear
aromatic hydrocarbons (PAHs), and pentachlorophenol (PCP). Of the three VOCs, and the
eleven PAHs, benzene and naphthalene are the most predominant, based on their frequency of
occurrence and concentrations. Therefore, benzene, naphthalene, and PCP have been selected as
the indicators of soluble contaminants in the following evaluation of current groundwater
condition at the site. The historic detections of these three contaminants from the monitoring
wells at the site have been obtained from Appendix D and presented below as Tables 2, 3, and 4,
respectively.
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Table 2 Benzene Concentration History, ppb

Wcl l#

2S

2D

2M

15

16

17

19S

19M

20S

20M

Avg.on-
site wells.

OSGW 4-2

OSGW 4-3

OSGW 6- 1

OSGW 6-3

Avg.off-
site wells

June 2000

330

-

20

-

140

140

ND

ND

-

-

158

-

-

-

-

-

Dec 2000

132

-

26

-

-

-

-

-

-

-

79

-

.4

.4

.4

.4

May 2001

ND

<1

ND

-

ND

ND

-

-

ND

ND

<1

7

ND

-

-

3.5

Jan 2002

<250

<1

<250

<100

1500

<250

<1.

<1

<25

<25

240

<1

<1

-

-

<1

July 2002

<50

<1

<250

<50

100

-

<1

<1

86

<1

60

<1

<1

-

-

<1

March 2003

10

<1

18

<i

120

18

<1

<1

73

<1

24

<1

-

-

-

<1
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Table 3— Naphthalene Concentration History, ppb

Well*

2S

2M

2D

15

16

17

19S

19M

20S

20M

Avg.on-
site wells

OSGW4-1

OSGW 4-2

Avg.
offsite
wells

June 2000

2200

3100

8

-

4900

4900

-

-

1600

2

2387

-

-

-

Dec 2000

2500

129

-

-

5550

5550

-

-

1500

-

3046

.6

.3

0.5

May 2001

2160

2340

<10

-

7650

-

19

38

1990

10

1777

ND

113

56.5

Jan 2002

2400

3000

<10

5300

4800

3800

<10

39

1300

33

2069

27

<10

18.5

July 2002

890

3500

<10

1400

2400

-

<10

42

1900

<10

1129

<10

<10

<10

March 2003

150

1200

<10

<10

4700

3100

<10

<10

3700

<10

1290

<10

<10

<10
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Table 4—PCP Concentration History, ppb

Well #

2S

2M

2D

15

16

17

19S

19M

20S

20M

Avg. on-
site wells

OSGW 4-2

June 2000

230

140

-

-

5300

5300

-

360

2400

69

1971

-

Dec 2000

-

356

-

-

7420

7420

-

115

8400

-

4742

NA

May 2001

-

320

<10

-

-

-

-

-

4950

-

1760

232

Jan 2002

<200

<200

<10

4000

5200

<1000

<10

29

3800

22

1447

63

July 2002

<100

<1000

<10

<10

1300

3100

<10

<10

5800

<10

1135

<10

March 2003

<10

100

<10

1200

3200

<10

<10

4400

<10

994

<10

Although, between eighteen and forty-seven wells were sampled during the periodic
groundwater monitoring events after the S/S construction, site contaminants were detected at
elevated levels only in a maximum of fifteen wells. (See Tables 2-4). For the purpose of this
review, the fifteen wells have been divided into three groups. Group 1 wells are those sampled to
monitor the contaminant source areas. They include wells 15, 16, 17, 19S, 19M, 20S and 20M.
Group 2 wells are located in the southwest portion of the site near the area where treated sludge
was buried. They include wells 2S, 2M and 2D. Group 3 wells are located outside the
boundaries of the site and are in the primary groundwater flow directions based on potentiometric
mapping. They consist of wells OSGW 4-1, OSGW 4-2, OSGW 4-3, OSGW 6-1 and OSGW 6-
3. With this distribution of monitoring wells, the groundwater sampling data presented above
provide an adequate coverage of the site to measure the progress of the OU2 RA.

With the accomplishment of the S/S construction in 2000, site conditions have improved
considerably. As stated before, several structures, equipment and debris remaining at the site
after the OU1 activities were removed during the OU2 RA construction. The site was graded and
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seeded with grass to complete the construction. However, when the site was inspected recently
as part of this Review, a few low spots with standing water and bare areas were observed on the
cap. These require additional fill dirt and re-seeding. A tornado went through the area on May 5,
2003, and damaged portions of the perimeter fence and one remaining bui lding on-site. The
fence needs to be repaired and the building demolished or secured.

Based on the confirmatory sampling results reported on the site after the S/S work, the property
is clean and threat to human health due to direct contact with the surface soil has been
eliminated. Recently, a local company, Jackson Energy Authority (JEA) acquired the property
for use in light industrial operations. The same company leased a portion of the site in 1999, and
has utilized it since then for equipment storage. JEA assumed responsibility for maintaining the
property and compliance with its use restrictions as part of the acquisition agreement. The firm
has initiated regrading activities outside the capped area of the site and has started utilizing the
property for equipment storage.

The groundwater sampling data shown in Tables 2-4 indicate that wood treatment compounds
from the site are present in the underlying aquifers. However, this condition has been known
since the site was discovered and all clean-up decisions implemented at the site to date have been
aimed at ensuring that the condition does not deteriorate. An extensive study of the site was
conducted several years ago by the U.S. Geological Survey (USGS) to evaluate the hydro-
geology, groundwater quality, and potential for water supply contamination near the site. The
report of the USGS study was completed in 1993, and is attached as Appendix E.

USGS indicated that naphthalene was detected in the onsite samples from the shallow aquifer at
concentrations ranging from 2 to 7,600 ppb. In the same samples, PCP concentrations ranged
from 80 to 3,200 ppb and benzene concentrations ranged from 1 to 250 ppb. In comparison,
naphthalene concentrations in the water samples from the shallow aquifer have ranged from 10 to
7650 ppb since the S/S was conducted in 2000. Concentrations of PCP have ranged between 10
and 8400 ppb, and benzene concentration values have ranged from 1 to 1500 ppb. Similar trends
have been observed in the middle aquifer at the site.

Naphthalene concentrations do not appear to be different for the periods before and after 2000.
In addition, a closer look at the benzene data in Table 2 reveals that the high concentration of
1500 ppb occurred only once, i. e. in January 2002, for well #16. It appears to be anomalous
considering that the other thirty-five benzene detections were reported at a maximum of 330 ppb.
If this lone 1500 ppb point were ignored, then benzene concentrations for well samples after the
soil cleanup would range from 1 to 330 ppb. This order of magnitude in concentration range
compares favorably with the benzene concentration range of Ito 250 ppb reported for the
samples before the 2000 S/S work. Based on these observations, there is no significant
difference in the condition of on-site groundwater due to creosote contamination in the periods
before and after the soil remediation. In any case, there has been no new source of soil
contamination by creosote and the quantity of the compound in the originally contaminated soil
is finite. Furthermore, contaminated soil has been treated successfully to minimize leaching as
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previously discussed and generally, creosote is prone to natural attenuation. Therefore,
concentration of creosote in the groundwater is expected to decrease in the future.

A review of Table 4 indicates that high concentrations of PCP have been detected primarily from
the monitoring wells located in previous hot spots. These are wells 15, 16, 17, and 20S. An
increase in the range of PCP concentrations from these wells after the S/S construction relative to
the range before suggests that additional PCP has been released into the groundwater from the
soil since the USGS study was completed in 1993. As in the case of creosote, because there is a
finite quantity of PCP originally in the contaminated soil and because the S/S was designed and
constructed to minimize contaminant teachability, future concentrations of PCP in the
groundwater should not exceed the current level.

Averages of the contaminant concentrations in the on-site groundwater which are presented in
Tables 2-4 are summarized in the table below and on the graphs that follow. As the graphs
indicate, on the average, contaminant concentrations are declining. As stated before, because
there is no new source of contamination at the site, the observed trends should continue.

Sampling Date

June 2000

Dec 2000̂

May 2001

Jan 2002

July 2002

March 2003

Benzene, ppb

158 •

79

1

240

60

24

Naphthalene, ppb

2387

3046

1777

2069

1129

1290

PCP, ppb

1971

4742

1760

1447

1135

994

99



Benzene Concentration Trend

June'00 Dec'00 May'01 Jan'02 July'02 March'03
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Naphthalene Concentration Trend

June'00 Dec'00 May'01 Jan'02 July'02 March'03
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PCP Concentration Trend

5000 -

June'00 Dec'00 May'01 Jan'02 July'02 March'03
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The USGS study (1993) found no PCP in the offsite water samples. However, it reported
concentrations of naphthalene at 0.6-20 ppb and concentrations of benzene at 0.2-16 ppb. These
compounds have been found primarily in the shallow aquifer after the soil remediation at
concentrations of < 10-232 ppb for PCP, 0.6-113 ppb for naphthalene, and 0.4-7 ppb for benzene.
While the contaminant concentration ranges appear to be higher after the soil remediation than
before, the higher l imits occurred in samples taken in May 2001 only. After that sampling date,
concentrations of the compounds have decreased steadily as indicated by the sampling data for
OSGW wells 4-1, 4-2, 4-3, 6-1, and 6-3 in Tables 2-4. Therefore, the condition of the
groundwater outside the boundaries of the site remain protected by the remedial activities
conducted at the site to date.

Institutional Controls (1C) are a component of the OU2 RA. The main reasons for this
component are:

1. To ensure that the site remains restricted from being used for residential purposes.

2. To prohibit the use of on-site groundwater for domestic purposes.

3. To protect the integrity of site remedy.

The following instruments will ensure that 1C will be maintained at the site.

A. Madison County, Tennessee records indicate that the property is in "1-2" and "1-3" zoning
segments which are permitted for Light Industrial and General Industrial uses respectively. Both
specifically prohibit the use of the property for residential, retail, church, and school purposes.

B. The agreement between EPA and JEA executed in 2003 to release EPA's lien on the property
explicitly requires JEA to refrain from activities that will adversely affect previous and future
remedial measures at the site. JEA is also required to secure all government controls necessary
to maintain land and water use restrictions at the site.

C. The Voluntary Agreement between the State and JEA requires JEA to file and maintain a
Notice of Land Use Restrictions with the county. Filing of this document is pending at this time.

VI. FIVE-YEAR REVIEW PROCESS

Administrative Components

USEPA was the lead agency responsible for this Five-Year Review. EPA Region 4 and the State
of Tennessee collaborated in conducting the Review. The primary personnel on the project were
Mr. Femi Akindele (EPA Region 4, Atlanta Georgia) and Mr. Don SprinkJe (Tennessee
Department of Environment and Conservation, Jackson, Tennessee).
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Document and Data Review

For this report, the following site related documents were reviewed.

1. First and Second Five-Year Reviews for OU1.

2. Records of Decision (OU1-January, 1989; OU2-September, 1996)

3. USGS report, "Hydrogeology, Groundwater Quality, and Potential for Water-Supply
Contamination near an Abandoned Wood-Preserving Plant Site at Jackson, Tennessee" (1993)

4. USGS report, "Water Quality, Organic Chemistry of Sediments, and Biological Conditions of
Streams near an Abandoned Wood-Preserving Plant Site at Jackson, Tennessee" (1993)

5. Preliminary Close-Out Report (May 2000)

6. Remedial Action Report (June 2000)

7. Site Investigation Report prepared by ATC Associates for Tennessee State in February 2001.

8. Letter report dated February 9, 2004, from Shaw Environmental, Inc. to Tennessee
Department of Environment and Conservation.

9. Historical Data Tables and Maps prepared by Shaw Environmental , Inc for the State in
March 2004.

10. Final Remedial Investigation Report by S&ME Inc., July, 1988.

11. Final Feasibility Study Report by S&ME Inc., October, 1988.

ARARS Review

The applicable or relevant and appropriate requirements (ARARs) for site remedy listed in the
ROD were reviewed in the process of preparing this report. Both Federal and State standards
were considered as part of the remedy selection and the clean-up activitiess were found to be in
compliance. No remedial activities conducted at the site to date have violated the ARARs and no
modification of ARARs of any relevance to site activities appears to have occurred.

Ecological Issues

An ecological study was conducted in 1993 by the USGS to determine the effect of site
contaminants on the nearby Central Creek and the South Fork of the Forked Deer River. The
study concluded that PCP and creosote constituents were detected in the creek and the river at
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concentrations that would adversely affect the population and diversity of fish and aquatic life.
Furthermore, it was reported that low levels of site related contaminants were detected in fish
tissues. The USGS indicated that surface run-off and groundwater from the site caused most of
the deterioration of the surface water and sediments sampled. Due to the construction of the
OU2 RA, run-off from the site should contain a minimal amount of PCP and creosote at this
time. As required by the OU2 ROD, surface water and sediments are in the process of being
sampled to evaluate the current condition of the creek and the river.

Site Inspection

Tennessee, as the lead agency for site activities, inspects the site regularly and reports its
condition to EPA as necessary. EPA also visits the site from time to time. Both agencies
conducted a joint inspection of the site as part of this Five-Year Review on March 25, 2004. The
deficiencies observed included the fencing damage and debris caused by a recent tornado in the
area, low spots on the cap, and areas requiring re-seeding. These require repairs but pose no
immediate concern relative to the effectiveness of site remedies. Overall, the site was in good
physical condition and was already being re-used by the recent purchaser, JEA.

Community Involvement Activities

On March 17, 2004, EPA announced in the local newspaper (The Jackson Sun ) that this Five-
Year Review was under preparation and invited comments from the public on the site. An
EPA's Public Affairs Specialist (Ms. Linda Starks) conducted interviews with area residents and
officials regarding site activities during the period of this Five-Year Review.

She reported that one area resident was concerned about the benzene found in recent water
samples from the site and that the contaminant might be hazardous to wildlife and consumers of
fish caught from the nearby Forked Deer River. The State Project Manager for the site
apparently spoke with the resident and allayed her fears.

Another area resident commented that his private water well was sampled ten years ago by EPA
and was found to be free of site contaminants. However, he is concerned that since then, no
follow-up sampling has been conducted on the well which he uses for potable water. EPA
personnel discussed the resident's concern with the State Superfund Sites supervisor for the
Jackson area who remembered speaking with the resident about this matter in the past. He
thought the resident was satisfied with the explanation that his well was 2-3 miles away from the
site and was too far to be affected by site contaminants. He indicated that he would speak again
with the resident about his concerns.

Although EPA and the State have made public participation opportunities available frequently,
response from the public at this site has been limited historically. There have been no public
comments of any consequence on past or current site activities.
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VII. TECHNICAL ASSESSMENT

Question A: Is the OU2 remedy functioning as intended by the decision documents'?

The remedy implemented at the site was designed and constructed to meet the requirements of
the OU2 ROD. Confirmatory sampling conducted during and after the S/S field work
substantiated that the OU2 cleanup goals were met. Groundwater sampling data collected over
the last five years were evaluated as part of this Review and discussed above. Based on all
sampling data evaluated, the OU2 remedy is functioning as intended.

Question B: Are the exposure assumptions, toxicity data, cleanup levels, and remedial action
objectives used at the time of the remedy selection still valid?

The OU2 remedial action objective was primarily to cleanup the site to an industrial use
standard. Appropriate exposure assumptions, and toxicity data were used to establish the proper
cleanup levels for this land use scenario as detailed in the FS and the OU2 ROD. Site cleanup
levels were achieved and substantiated as stated in the OU2 RA report. In addition, institutional
controls exist on the property which restrict the site to industrial uses only as discussed before.
Recently, the property has been acquired and is being used currently for light industrial
operations. The parameters referred to in this question guided the clean-up and remain valid.

Question C: Has any other information come to light that could call the protectiveness of the
remedy to question?

The primary aim of the OU2 remedy was to ensure that site soil was cleaned up to ensure that
contact with the soil under industrial use would be safe. In addition, the remedy was intended to
protect the groundwater from contaminants entering the groundwater due to precipitation.
Monitoring of the groundwater is part of the remedy. Its intent is to ensure that site contaminants
do not affect the groundwater and cause health or environmental issues offsite without a timely
and appropriate action. Periodic sampling of the groundwater is conducted as discussed
previously and the results are regularly evaluated to determine if any additional action is
warranted. No information has come to light that could call the protectiveness of the OU2
remedy into question.

Technical Assessment Summary

Based on the information and data evaluated for this Five-Year Review, the OU2 remedy was
designed and implemented to meet the requirements of the OU2 ROD. The site cleanup
conducted has eliminated the human health and environmental hazards which, otherwise, would
render the property un-reusable. The property has been recently purchased and is being used for
industrial activities.

Groundwater sampling activities which are part of the OU2 remedy have shown that creosote and
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PCP remain in the groundwater within the site boundaries at above background levels. The bulk
of the groundwater contamination most l ikely occurred before the S/S construction . This is
believed to be the case for the following two reasons: (1) Contaminant sources were mainly in
the soil which was treated in 2000 to a high leach control standard. ( 2) Contaminant
concentrations after the S/S, or over the last five years, have been erratic but, on the average for
the site, exhibit declining trends. Therefore, on-site groundwater is believed to be protected by
the OU2 RA. In any case, the property is precluded from being used for residential purposes by
insti tut ional controls. Hence, no domestic wells are expected to penetrate the aquifer in the
future.

Groundwater outside the site indicated elevated concentrations of site contaminants after the S/S.
Again, the pollution probably occurred before the S/S was conducted in 2000 because
concentrations of the contaminants which were significant in May 2001 samples have steadily
decreased as measured in the samples collected since then. Contaminant concentrations are
expected to continue decreasing as they have been for the past three years because of the
substantial reduction of pollution source by the OU2 remedy and the potential effect of natural
attenuation.

VIII. ISSUES

1. Non-Aqueous Phase Liquid (NAPL) has been found in several on-site monitoring wells
recently. Liquid contaminant recovery which was part of the OU2 field work succeeded in
draining'tfifc NAPL partially. However, periodic recovery of residual liquid waste appears
necessary.

2. Damage to the perimeter fencing caused by the recent tornado in the area has left the site
easily accessible. This could encourage trespassing and expose the public lo hazards especially
from loosely hanging debris resulting from damaged structure on-site. Fence repairs and removal
of the debris are considered part of the site maintenance which JEA is responsible for as stated in
the property purchase agreements with EPA and the State.

3. Low spots and bare areas observed on the treated and capped soil are likely to deteriorate and
reduce effective drainage of precipitation if not addressed immediately. This site maintenance
issue is also JEA's responsibility.

IX. RECOMMENDATIONS AND FOLLOW-UP ACTIONS

1. Continue to monitor the groundwater. Based on past sampling results, there are ten key on-
site monitoring wells which should be sampled quarterly to ensure that the effects of changes in
season are accounted for in future analyses of contaminant concentration trends. They include
monitoring wells 2S, 2M, 2S, 15, 16, 17, 19S, 19M, 20S, and 20M which are located to monitor
the buried sludge area and the previous contaminant source areas. In addition, maintain quarterly
monitoring of off-site wells, especially wells OSGW 4-1. OSGW 4-2, OSGW 4-3, OSGW 6-1
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and OSGW 6-3, which are located in the primary directions of groundwater flow. This will
ensure that action is initiated without delay if site contaminants should begin to migrate offsite
significantly.

2. Remove liquid waste from the affected monitoring wells by pumping and properly dispose of
at an approved offsite facility. This is necessary to ensure continued protection of the
groundwater and is considered a continuation of the liquid recovery work specified in the OU2
ROD. Ensure that wells affected in the future are unloaded and the waste disposed of
appropriately.

3. JEA should repair the damaged fence sections to secure the site and remove the debris caused
by the recent tornado.

4. Place fill dirt in low spots on the cap and seed for grass to maintain the effective drainage of
precipitation. This is part of the site maintenance activities which are JEA's responsibility.

The State will implement these recommendations under the existing Superfund-State
Cooperative Agreement for the OU2 RA. EPA will continue to provide technical support as
necessary and ensure that the follow-up actions are accomplished in a timely manner.

X. PROTECTIVENESS STATEMENT

The remedy implemented at the site currently protects human health and the environment. It has
eliminated exposure to soil contaminants. It has considerably reduced leaching of contaminants
into the groundwater and contaminant run-off into the local surface water. Groundwater
monitoring which is part of the remedy at the site continues to provide appropriate data to ensure
that the groundwater is protected. If the recommendations listed above are implemented
properly, the remedy is expected to be protective in the long-term.

XI. NEXT FIVE-YEAR REVIEW

The next Five-Year Review for this site is due in June 2009.
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APPENDIX A

OU1 FIVE-YEAR REVIEW #2
AMERICAN CREOSOTE WORKS SITE

JACKSON, TENNESSEE



EPA Five-Year Review Signature Cover

Key Review Information

Site Identification

Site name: AMERICAN CREOSOTE WORKS EPA ID:TND007018799

Region: 4 State: TN City/County: JACKSON, TN

Site Status

NPL status: FINAL

Remediation status: FINAL

Multiple Operable Units: YES

Construction completion date: 9/20/93

Fund/PRP/Federal facility
lead: FUND

Lead agency: EPA REGION 4

Has site been put into reuse?: YES (partially)

Review Status

Who conducted the review (EPA Region, State, Federal agency):EPA-Region 4

Author name: FEMI
AKINDELE

Author title: PROJECT MANAGER

Author affiliation: U.S. EPA Region 4

Review period:1995-2000 Date(s) of site inspection: 1995-2000

Highlight: Statutory Policy Type
(name):
1. Pre-SARA
2. Ongoing
3. Removal only
4. Regional
Discretion

Review number: 2

Triggering action event: First Five-Year Review Date

Trigger action date: 1/25/95

Due date: 9/30/00



Deficiencies:

None

Recommendations and Required Actions:

1. File deed restriction as required by ROD
2. Continue site monitoring and maintenance
3. Combine future OU1 five- year review with OU2 five-year review starling from 2004.

Protectiveness Statement(s):

The remedy at the AMERICAN CREOSOTE WORKS SITE (JACKSON) OU1 which was
reviewed in this report is protective of human health and the environment. The OU2 RA
conducted in 1999/2000 completed site cleanup and greatly enhanced OU1 remedy. Use
of site must be limited to industrial/commercial purposes to protect the integrity of.
stabilization/solidification conducted at the site under the OU2 remedy as treated waste
was backfilled on-site and properly capped.

Other Comments:

Future review of OU1 remedy will be adequately covered by OU2 remedy review.
Therefore, no separate five-year review need be conducted henceforth.
First Ot)2 remedy review will be conducted by May 2004.

Signature of EPA Regional Administrator or Division Director and Date

Signature . Date

Richard D. Green. Division Director
Name and Title



SECOND FIVE-YEAR REVIEW REPORT
AMERICAN CREOSOTE WORKS SUPERFUND SITE

JACKSON, TENNESSEE
SEPTEMBER 26, 2000

1.0 INTRODUCTION

Section 300.430(f)(4)(ii) of the NationalOil and hazardous Substances Pollution Contingency
Plan (NCP), 40CFR Part 300, as amended by the Superfund Amendments and Reauthorization
Act of 1986 (SARA), requires five-year reviews of a remedial action that results in hazardous
substances, pollutants, or contaminants remaining at a site above levels that allow for unlimited
use and unrestricted exposure. The statutory reviews must continue, at least, every five years
until contaminant levels allow for unlimited use and unrestricted exposure.

This document is the second five-year review of the Operable Unit One Remedial Action (OU1
RA) at the American Creosote Site, Jackson, Tennessee. The RA construction was initiated in
July 1989, and completed in early 1990. The first five-year review was reported in January 1995.

1.1 SITE LOCATION

The American Creosote Works Site (ACW) is located immediately southwest of downtown
Jackson, Tennessee, in an area used predominantly for industrial purposes. It is bounded on the
south by the Seaboard Railroad, on the southwest by the south fork of the Forked Deer River, on
the west and north by Central Creek, and on the east by an industrial yard. Jackson has a
population of more than 60,000 people. Several public and private wells are located within a 3-
mile radius of the site, including a city well field. Wetlands along the river support a large variety
ofwildlife.

1.2 SITE HISTORY

ACW is an abandoned 60-acre facility which utilized creosote and pentachlorophenol (PCP) to
preserve wood. The plant was operated from the early 1930s to December 1981, by the
American Creosote Works, Inc., which went bankrupt in May 1982. Due to the bankruptcy, no
potentially responsible parties have been involved in the remedial activities conducted at the site
to date.

Between early 1930s and 1973, the plant apparently discharged untreated process water on-site
with minimal control and routinely polluted the Forked Deer River. In 1973, a levee was built
around the facility to contain the wastewater and surface runoff. Between 1974 and 1975, the



plant installed a wastewater treatment system and oil-water separators to control environmental
pollution. Pits created during the construction of the levee were used to store treated process
water and sludge but the pits frequently overflowed during heavy rains, flooding the main process
area, and releasing waste into the river.

Contaminants of concern at the site included arsenic, dioxin, PCP, and polyaromatic hydrocarbons
(PAHs). The site posed potential human health hazards and environmental threats primarily
through incidental ingestion of site contaminants, dermal contact with contaminated soil, and/or
inhalation of contaminated dust by trespassers and unprotected workers at the site. In addition,
groundwater, surface water, and sediments from the site, which were contaminated with creosote
and PCP, were transported offsite by various mechanisms, thereby posing a threat to human
health and the environment outside the boundaries of the site.

Enforcement actions began at the site in November 1981, when the State installed four monitoring
wells around the property. In December 1981, the facility was issued a National Pollution
Discharge Elimination Systems Permit. In the same month, the plant closed down. The operator
filed for bankruptcy protection under Chapter 11 in May 1982. During 1982 and 1983, the State
conducted several inspections of the facility. All inspections resulted in citations for permit
violations by the operator. Concurrently, the State collected environmental samples to evaluate
the site and concluded that human health and the environment were at risk due to the prevailing
conditions. Based on'the facility's conditions and insolvency of the operator, the State requested
emergency response from EPA in June 1983. Ranking of the site for the National Priorities List
(NPL) was completed in September 1984, and actual Listing occurred in the following month.

EPA has conducted a series of clean-up activities at American Creosote Site since 1983. The
activities have included emergency removal, treatment and disposal of hazardous waste, pollution
control, environmental sampling, laboratory analyses, remedial investigations and feasibility
studies, and stabilization/solidification of contaminated soil. Initially, EPA inspected the site and
conducted field sampling which confirmed that soils, surface water, sludge, and shallow sub-
surface water were contaminated by creosote and PCP. This lead to an immediate removal,
treatment, and proper disposal of several thousand gallons of hazardous liquids and sludge.

In late 1985, EPA approved an action memo to fund a Remedial Investigation/Feasibility Study
(RI/FS) for the site. The RI/FS was conducted by the US Army Corps of Engineers. Based on
the results of the work, a Record of Decision (ROD) was published in January 1989. The ROD
outlined plans for cleaning the site in phases (operable units), and identified the tasks for Operable
Unit 1(OU1) as follows:

1. Deed restrictions to Limit further use of the site

2. Construction of flood protection dike around the site and site stabilization.

3. Removal and disposal of tanked liquids and sludge.



4. Removal and disposal of site structures.

5. Installation of security fencing around the site.

The remedial requirements for OU1 were accomplished between January 1989 and August 1991,
except that some of the site structures remained to be demolished and no deed restriction was
filed. The flood protection levee was constructed and functional by early 1989. It was upgraded
for improved effectiveness in 1990. Tanked liquids and sludge were accumulated, treated on-site
and finally incinerated off-site. Several site structures, including buildings and tanks, railroad
lines, railroad ties, and other plant equipment determined to constitute immediate hazards were
demolished, dismantled and/or salvaged. Chain-link security fence was installed around the entire
site in 1991.

OU1 activities focused on mitigating hazardous conditions at the plant process area, protecting
the river, and preventing indiscriminate access to the site. Other problems and remedial activities
related to contaminated soil and groundwater at the site were deferred to future operable units.
To maintain site surveillance during the period of planning for soil and groundwater remedial
activities, Site Stabilization activities were provided for and funded through a Superfund-State
Contract dated May 1989, and a Support Agency Cooperative Agreement dated April 1993. The
Site Stabilization activities were conducted between 1993, and 1998, by the State and included
general site up-keep, maintenance of flood prevention facility, the perimeter fence, site grounds,
erosion control, and lagoon water sampling.

1.3 SUTVLMARY OF PREVIOUS FIVE-YEAR REVIEW

An evaluation of the OU1 remedial action was reported in the first Five-Year Review dated
January 25, 1995. According to the report, the OU1 remedial tasks that were accomplished are
permanent and generally effective. Tanked liquids, sludge, and site structures removed and
disposed of no longer pose threats to human health or the environment. The security fence
around the site effectively prevents unauthorized entry. However, the review noted that other
structures remained to be removed from the site and the deed restrictions to limit further use of
the site as required by the OU1 ROD was pending. In addition, there were operational problems
with the flood control levee and equipment which needed to be resolved. The pump installed as
part of the remedial action to remove and discharge water from the site to the river during heavy
rains and flooding malfunctioned frequently. Consequently, water accumulated on top of the
stabilized sludge which was buried on-site. Other than the unfavorable observation that some
areas of the site inside and outside the fence which were required to be cleared under the Site
Stabilization Cooperative Agreement were overgrown, the first five-year review indicated that site
maintenance was satisfactory. The review concluded by recommending that the Site Stabilization
activities be continued as planned through April 1998, and anticipated further remedial actions at
the site.



1.4 PROGRESS SINCE THE LAST REVIEW

Since the last review, additional remedial investigation was completed which resulted in the
decision to conduct a final remedy at the site under a second operable unit (OU2). The OU2
ROD was issued in September 1996. The remedy selected in the ROD was based on industrial
clean-up scenario. It called for removal and offsite disposal of creosote and contaminated water
from the soil, solidification and on-site burial of contaminated soil, deed restriction, and site
monitoring, including groundwater, for five years. The remedial action was conducted between
May 1999, and May 2000. As part of the work, several site structures were demolished and
removed from the site or disintegrated and buried on-site. Creosote and water were drained from
the soil. Contaminated soil was excavated and treated with cement, carbon, and fly ash before
back-filling and compacting. Buried materials were covered with geosynthetic clay liner, and
capped with twenty-four inches of dirt. The site was then graded and seeded with grass. In
effect, this remedial action included and accomplished the necessary site structure removal which
the OU1 work did not complete. In addition, the OU2 remedy required deed restriction and site
monitoring which OU1 called for also.

Several unsuccessful attempts were made by the State to repair the malfunctioning pump which
was installed as part of OU1 remedy to control flood water at the site. To improve the condition,
the State abandoned the pump in 1998, and cut the levy to allow water to flow freely to the
nearby Central Creek instead of accumulating on-site during heavy rains and flooding. This
proved to be more effective for flood control than the pump which was unreliable. As stated
above, part of the OU2 remedial action work completed in May 2000, was site grading which was
designed to enhance flood control at the site also.

1.5 ARARS REVIEW

The applicable or relevant and appropriate requirements (ARARs) for the OU1 remedy as listed in
the OU1 ROD were reviewed relative to this report. Both federal and state standards were
considered as part of the remedy selection. No activities conducted to date under the Operable
Unit have modified the ARARs.

2.0 CURRENT SITE CONDITIONS

With the completion of OU2 remedial construction, conditions at this site have improved
significantly since the last review. As stated before, remaining structures, equipment and debris
requiring removal after the OU1 activities were removed during the OU2 construction. The site
was graded and seeded with grass. Surface soil is clean and threat to human health due to direct
contact with the soil has been eliminated. Recently, a local company expressed interest in
acquiring the property for light industrial use, indicating that it is considered valuable. In
summary, current site conditions are satisfactory aesthetically and environmentally.



3.0 CONCLUSIONS

The goal of the OU1 remedial action was to mitigate hazardous conditions at the site, particularly
the plant process area, protect the nearby river, and prevent unrestricted access to the site. The
previous five-year review concluded that the remedial action was permanent and effective with the
exception of the flood control pump that broke down frequently. The current review has
identified substantial improvement in the site conditions due to changes made in the flood control
strategy, and OU1 remedy enhancement by virtue of OU2 activities. Therefore, the goal of the
OU1 remedial action has been accomplished. The remedy remains permanent, functional and
should be effective indefinitely.

4.0 RECOMMENDATIONS

Some uncompleted tasks of the OU1 remedy were identified in this review. They are the deed
restriction requirement, site maintenance (grass cutting, fence/gates, grounds, etc ), and surface
water monitoring. These tasks are also part of the OU2 remedial activities. Due to the overlap, it
is recommended that they are conducted under OU2 and removed from OU1 requirements. In
addition, no further five-year reviews need be conducted for OU1 remedial action because the
five-year reviews for OU2 remedy, the first of which is due four years from now, will adequately
address the effectiveness of all ACW clean-up activities.

5.0 PROTECTTVENESS STATEMENT

The OU1 remedial activities at this site included removal and proper disposal of creosote and
other tanked sources of contamination, treatment and burial of solidified sludge, construction of
flood protection dike around the site, removal and disposal of contaminated structures, and
installation of security fencing. These activities reduced human exposure to hazardous materials
at the site considerably. Subsequent remedial action conducted under OU2 was designed to
eliminate other risks of human exposure considering industrial scenario. Therefore, the site is
protective of human health under controlled use.

6.0 NEXT FIVE-YEAR REVIEW

No further five-year review of the OU1 remedial action is deemed necessary. Five-year reviews
of the OU2 remedial action, the first of which is due by May 2004, are expected to address all
remedial activities at the site.
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American Creosote Works Site
Quantity Summary Sheet
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ITEMS

Treated Material
Process Area Excavation
Drip Track, Buffer Zones, HAB Areas Excavation
Treated Water Discharged From Site

Soil Delivery
Cap
Drip Track
North Utility Area
Cutoff Wall /Holding Pond

Topsoil
Capped Area
Debris Disposal. (41 Loads)

mwwmttmm
QUANTITIES

80,693 TONS
32,812 CY
13,429 CY

520,430 GAL

18,732 CY
3,682 CY
4,074 CY
3,920 CY
8,932 CY

304,448 SF
858 CY
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OHM/IT PROJECT NUMBER 781433
JACKSON,TENNESSEE

QUANTITY VERIFICATION SHEET
EXCAVATED AND TREATED SOIL

BATCH
NUMBER

DATE
TREATED

TREATED
TONS

CUMULA-
TIVE TONS

CUMULATIVE
CUBIC YARDS

@1.485 Tons/Yd
IT/TDEC

ACKNOWLEDGMENT

TS-101 10/29/99 75000 59,772.64 40,25093

TS-102 10/29/99 587.50 60,360.14 40.646 55
TS-1C3 11/1/99 378.30 < 0 , 9 0 i 23
TS-104 14_
TS-105 fl m-/s V/, 867.^
TS-106 ^
TS-107 \I\OHQ to. VS t.l.?
TS-108

l / / /m
7c,-U.6>0

TS-109
TS-110 63i<«>.
TS-111 /g
TS-112 l̂ o.oc 66, 7-/T
TS-113 /z.
TS-114 . oo
TS-115 i'AA/4
TS-116.- Tso, oo
TS-117 V7,
TS-118 /IS fa 70 70<r. V V OP
TS-119 7/ ^
TS-120 . 63, Vfi_s
TS-121 l i /ZI /44 J±^ *- * ' Y

WlTS-122 ££L
TS-123 7V ;«.52.
TS-124 • J . H
TS-125 //M ^O. 0 0 SO, S' Y. 32
TS-126 " / / 2 / . CAS
TS-127 i/jy/^
TS-128 334.6.3 76 S"'
TS-129
TS-130 '/JP/ff 73.I&.3*
TS-131
TS-132 i/i 181. 7f ?»/. . DO
TS-133 53 ^TJ?.
TS-134 111.
TS-135
TS-136
TS-137
TS-138
TS-139
TS-140
TS-141
TS-142

' o-j: .if,



OHM/IT PROJECT NUMBER 781433
JACKSON,TENNESSEE

QUANTITY VERIFICATION SHEET
EXCAVATED AND TREATED SOIL

CH
3ER

087

088
•069
-090
,-091
i-092
3-093
5-094
S-095
S-096

fS-097
FS-098
TS-099
TS-100

DATE
TREATED

10/19/99
10/20/99
10/20/99
10/21/99
10/21/99
10/22/99
1 0/22/99
10/25/99
10/25/99
1 0/26/99
10/26/99
1 0/27/99
10/28/99
10/28/99

TREATED
TONS

577.34
750.00
611.51
750.00
597.77
750.00
321 26
750.00
612.77
750.00
599.38
800.99
750.00
574.89

CUMULA-
TIVE TONS

50.404.07
51,154.07
51.765.58
52.515.58
53,113.35
53,863.35
54,184.61
54,934.61
55.547.38
56.297.38
56.896.76
57,697.75
58.447.75
59,022 64

CUMULATIVE

CUBIC YARDS

@1.485 Tons/Yd3

33.942.13
34,447.18
34,858.97
35,364.02
35,766.56
36,271.61
36,487.95
36,993.00
37,405.64
37,910.69
38,314.31
38,853.70
39,358.75
39,745.88

IT/TDEC
ACKNOWLEDGMENT

'JLU?

7{U -̂
7.̂ 7

7 .̂
Y£?.2
Wl.
•w,?.
7-K^
jjo.
'7kX"7
a-kM
/i$J
)jj.o.
-y.fe/^

<v>^
<p>Si
Cx^
0^>
oe&
gĵ
0^2^
Ox^

^^os^
£*Ss»
^5,
OS=

^^



OHM/IT PROJECT NUMBER 781433
JACKSON,TENNESSEE

QUANTITY VERIFICATION SHEET
EXCAVATED AND TREATED SOIL

BATCH
NUMBER

TS-044
TS-045-
TS-046
TS-047
TS-048
TS-049
TS-050
TS-051
TS-052
TS-053
TS-054
TS-055
TS-056
TS-057
TS-058
TS-059
TS-060
TS-061
TS-062
TS-063
TS-064
TS-065
TS-OS5
TS-067
TS-068
TS-069
TS-070
TS-071
TS-072
TS-073
TS-074
TS-075
TS-076
TS-077
TS-078
TS-079
TS-080
TS-081
TS-082
TS-083
TS-084
TS-C85
TS-086

DATE
TREATED

9/17/99
9/17/99
9/20/99
9/20/99
9/21/99
9/21/99
9/22/99
9/22/99
9'23/99
9/23/99
9/24/99
9/24/99
9/27/99
9/27/99
9/28/99
9'28/99
9/29/99
9/29/99
9/30/99
9/30/99
10/1/99
10/1/9S
10/4/SS
10/4/S9
10/5/99
10/5/99
10/6/99
10/6/99
10/7/99
10/7/99
10/8/99
10/8/99

10/11/99
10/11/99
10/12/99
10/13/99
10/13/99
10/14/99

10/14/99
10/15/99
10/18/99
10/18/99
10/19/99

TREATED
TONS

75000
387 33
75000
66659
75000
357 16
75000
38468
75000
423 04

75000
551.49
750.00
63557
750.00
65245
75000
381.66
75000
567.22
75000
52874
75000
584.11
750.00
657.13
750.00
659.47
750.00
594.97
75000
561.11
75000
272.71
766.25
75000
456 6S

75000
255.47

75283
75000
47206
75000

CUMULA-
TIVE TONS

23,24800
23,63533
24,38533
25,051.92
25.801.92
26.159.08
26.909 08
27,293.76
28.043.76
28,466 80
29,216.80
29,778.29
30.52829
31,16386
31.913.86
32,566 31
33.316.31
33,697.97
34,447.97
35,015.19
35,765 19
35.293 93
37.04393
37,628.04
38,378.04
39.035.17
39,785.17
40,444 64
41,194.64
41,789.61
42,539.61
43.10072
43,850.72
44,123.43
44,88968
45,639.68
46.096.37
46.846.37

47,101 84
47,854.67
48,604.67

49,076.73
49,826 73

CUMULATIVE
CUBIC YARDS

(5'1.485 Tons/Yd3

15,65522
15.91605
16,421.10
16,869.98
17.37503
17,615.54
18,120.59
18,379.63
18,884.68
19.169 56
19,674.61
20,052 72
20,557.77
20,935.76
21,490.81
21.930.17
22.43522
22,692.23
23.197.28
23.579.25
24.084.30
24.440.35
24.94540
25,338.74
25,843.80
26,286.31
26,791.36
27,235.44
27,740.50
28,141.15
28.646.20
29,024.05
29,529 10
29.712.74
30.228.74
30,733.79
31,041.32
31,546.37
31,71841

32,225 36
32.73041

33.048 30
33.553 35

IT/TDEC
ACKNOWLEDGMENT

7^
')/. CSs^

7^-9
Sucjsy.
^UJI
•̂ tun
iL1^
ihj.i
•'itjn.
J/^7

*)l*rt
>/i.yo
'/^Jî .h

jt\-^'/^>-
'////-?
•~v.̂ <>
•7[t./3
•7^-0
'p.K
O/.̂
7^)
Qy.f-M
nj.(,.&.
•-Wo
71.1, tf
0/t^-

f
, „ ,^

'%
. __n

'#Lft.

qw-•y.k -̂
'WLM'
y&n
tyw-sb.is>.
^LQ-•4 1^6
9/'i/7.
'U.M
"v.kn.

\^s
r̂ ;)
c^>
r>kS
OsS
e^6
v^
C^b
Of^
^f^?
O-ii
v-^
\^^
O^>
OtSi,
Qr̂
^£§>
C»̂
<^xS
0^
t£s
^fco
0^
o^S
0^
C^
^R^>

e r̂
abo
Otxi

(̂ ^
Oc£>
e^^^5
V̂^s^
^CC^
^J^
^c^>>
c^?
<v>^>
£^S
^ss,



OHM/IT PROJECT NUMBER 781433
JACKSON,TENNESSEE

QUANTITY VERIFICATION SHEET
EXCAVATED AND TREATED SOIL

BATCH
NUMBER

TS-003

TS-004
TS-005
TS-006
TS-007
TS-008
TS-009
TS-010
TS-011
TS-012
TS-013
TS-014
TS-015

...

TS-016
TS-017
TS-018
TS-019
TS-020
TS-021
TS-022
TS-023
TS-024
TS-025
TS-026
TS-027
TS-028
TS-029
TS-030
TS-031
TS-032
TS-033
TS-034

TS-035
TS-036
TS-037
TS-038

TS-039
TS-040
TS-041
TS-042

DATE
TREATED

7/25/99
7/27/99
7/28/99
7/29/99
8/2/99
8/3/99
8/4/99
8/5/99
8/9/99
8/9/99
8/10/99
8/11/99
8/12/99
8/13/99
8/24799
8/25/99
8/26/99
8/27/99
8/30/99
8/30/99
8/31/99
8/31/99
9/1/99
9/1/99
9/2/99
9/2/99
9/3/99
9/7/99
9/7/99
9/8/99
9/8/99
9/9/99
9/9/99

9/10/99
9/13/99
9/13/99
9/14/99
9/14/99
9/15/99
9/1 5/99
9/16/99

TREATED
TONS

22525
546.14
331.99
162.14
36640
559.33
800.75
77304
750.00
167.38
496.28
724.89
451 35
6950
595.18
805.80
394.30
348.44
75000
453.28
75000
251 38
75000
409.33
750.00
354.87
539.76
750.00
252.41
750.00
480.54
750.00
25801
804.49
75000
504.02

750.00
377.24

75000
503.01
75000

CUMULA-
TIVE TONS

2 2 5 2 5
771 39

1,103 38
1.26552
1,631 92
2,191.25
2,992.00
3.76504
4,51504
4.682.42
5,17870
5,903.59
6.354.94
6,424.44
7.019.62
7,825.42
8,219.72
8,568.16
9,318.16
9.771.44
10,521.44
10,772 82
11.522.82
11,932 15
12.682.15
13,037.02
13,576 78
14.32678
14,579 19
15,329.19
15.809.73
16,559.73
16,817 74
17,62223
18,372.23
18,87625
19.626.25
20,003 49
20,753.49

21,25650
22,006 50

CUMULATIVE

CUBIC YARDS

@1.48S Tons/Yd1

151.68
519.45
74302
852.20

1.09894
1.475 59
2,014.81
2,53538
3,04043
3,153.14
3,487.34
3.975.48
4,27942
4.32622
4,727.02
5,269.64
5,535.16
5,76980
6.274 85
6,58009
7,085.14
7,254.42
7,759 47
8,035.12
8,540.17
8,779.14
9,142.61
9,647.66
9,817.64
10,32269
10,646.28
11.151.33
11,325.08
11,866.82
12,371 87

12,711 28
13,21633
13.470.36
13,975.41

14.314 14

14.819 19

IT/TDEC
ACKNOWLEDGMENT

'HV7

Ui,Jry
'Jl.U-1
' It US)
rjlU'}
n/.u^
')lufa
If LW7^<?
'lû .
.̂L-̂ .
7^f*f*rt
"JWJ?.

fe<9.
'/ivfe
"MU3
OiLJ-0-
'wa
'fk^Z

qu^<iijj&.rkuo.
7^/a
•74/7
h°-;Jt,&
'W?.
n&h
•nL!*&.
-TUJZ
'IL&-
'Ht̂r)lli&
M&'
'Mfo
'ftifr
'K '̂otj*&-
n,u,v-

\^^
'OL\̂
^k^\A&^
V^S
OfcS*
s^5v ,̂
\̂,̂ Cv>
\^S,

r̂ LVS^
\>^
v^^
OkS
^s
^c^
Pivi>

\̂JS^
\̂ .s
v*^>

v î̂>SjsS
Cv*£>
Qxfc^

^>*>
S4
\»
0^

C^so^
Vî

^\:*£>
^^to
c^\
cxs _
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Ô
o

1

O
111

CN

r^-

CO

I

ioT—
X
CO
CO

V

o
CN

CN

CN
*~

CO

CO

cn
cn
o
CN

55

CN
o
o

1

o
UJ

0)

75
o
a.
3
Q
O
O

oT—
X
CN
CO
CO

CO
V

O
O
CO

CN
*~

CN
CO

O)
cn
o
CN
55

fN
Q

1

u
UJ
Q

ĈD
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PRELIMINARY CLOSE-OUT REPORT
AMERICAN CREOSOTE WORKS SITE

JACKSON, TENNESSEE



MEMORANDUM

DATE May 15, 2000

SUBJECT. Preliminary Close Out Report
American Creosote Works Superfund Site, Jackson TN

FROM Femi Akindele, '. • •- • ' ''.'/,-1. ii. /
Remedial Project Manager

THRU Harold Taylor, Chie£lljJI()j|lAJ
Kentucky/Tennessee Section

THRU ~ Robert Jourdan, Chief
North Superfund Remedia

/
TO / Richard D. Green, Director

MhAVaste Management Division

The subject report has been prepared in accordance with OSWER Directive
9320 2-09A-P, "Close Out Procedures for National Priorities List Sites" EPA and the Tennessee
Department of Environment and Conservation have determined that remedial action for American
Creosote Site, in Jackson Tennessee, has been constructed as designed. Long-term monitoring
activities, which are an integral part of the remedy, are pending at this time. Tennessee, the lead
agency on this Fund-financed Remedial Action, has initiated activities necessary to achieve site
completion



PRELIMINARY CLOSE OUT REPORT
AMERICAN CREOSOTE WORKS SUPERFUND SITE

JACKSON, TENNESSEE

I. INTRODUCTION

The purpose of this Preliminary Close Out Report is to document the completion of
remedial construction activities for the subject site in accordance with OSWER Directive
9320 2-09A-P, "Close Out Procedures for National Priorities List Sites" EPA and the Tennessee
Department of Environment and Conservation, Division of Superfund, conducted a pre-fmal
inspection of the site on January 5, 2000, and determined that the remedy construction has been
accomplished in accordance with remedial design (RD) plans and specifications The State, as the
lead agency on the project, has initiated activities necessary to achieve performance standards and
site completion

II. SUMMARY OF SITE CONDITIONS

Background

The American Creosote Works Superfund Site (ACVV) is an abandoned 60-acre facility
which utilised creosote and pentachlorophenol (PCP) to preserve wood The plant was operated
from the early 1930s to December 1981, by the American Creosote Works, Inc., which went
bankrupt in May 1982 Due to the bankruptcy, no potentially responsible parties have been
involved in the remedial activities conducted at the site to date

ACVV is located immediately southwest of downtown Jackson, Tennessee, in an area used
predominantly for industrial purposes It is bounded on the south by the Seaboard Railroad, on
the southwest by the south fork of the Forked Deer River, on the west and north by Central
Creek, and on the east by an industrial yard. Jackson has a population of more than 60,000
people Several public and private wells are located within a 3-mile radius of the site, including a
city well field. Wetlands along the river support a large variety of wildlife.

Between early 1930s and 1973, the plant apparently discharged untreated process water
on-site with minimal control and routinely polluted the Forked Deer River In 1973, a levee was
b u i l t around the facili ty to contain the wastewater and surface runoff. Between 1974 and 1975,
the plant instal led a wastewater treatment system and oil-water separator to control environmental
pol lut ion. Pits created during the construction of the levee were used to store treated process
water and sludge but the pits frequently overflowed during heavy rains, flooding the main process
area and releasing waste into the river.

Contaminants of concern at the site included arsenic, dioxin, PCP. and polyaromatic
hydrocarbons (PAHs) The site posed potential human health hazards and environmental threats
primarily through incidental ingestion, dermal contact with contaminated soil, and/or inhalation of



contaminated dust by trespassers and unprotected workers at the site In addition, groundwater,
surface water, and sediments from the site, which were contaminated with creosote and PCP,
were transported offsite by various mechanisms, thereby posing a threat to human health and the
environment outside the boundaries of the site

Enforcement actions began at the site in November 1981, when the State installed four
monitoring wells around the property. In December 1981, the facility was issued a National
Pollution Discharge Elimination Systems Permit In the same month, the plant closed down The
operator filed for bankruptcy protection under Chapter 1 1 in May 1982. During 1982 and 1983,
the State conducted several inspections of the facility All inspections resulted in citations for
permit violations by the operator Concurrently, the State collected environmental samples to
evaluate the site and concluded that human health and the environment were at risk due to the
prevailing conditions. Based on the facility's conditions and insolvency of the operator, the State
requested emergency response from EPA in June 1983. Ranking of the site for the National
Priorities List (NPL) was completed in September 1984, and actual listing occurred in the
following month

Remedial Activities

Since 1983. EPA has conducted a series of clean-up activities at American Creosote Site,
including emergency removal, treatment and disposal of hazardous waste, pollution control,
environmental sampling, laboratory analyses, remedial investigations and feasibility studies.
In i t i a l ly , ERA inspected the site and conducted field sampling which confirmed that soils, surface
water, sludge, and shallow sub-surface water were contaminated by creosote and PCP. This lead
to an immediate removal, treatment, and proper disposal of several thousand gallons of hazardous
l iqu ids and sludge at a cost of approximately $735,000

In late 1985, EPA approved an action memo to fund a Remedial Investigation/Feasibility
Study (Rl/FS) for the site The RI/FS was conducted by the US Army Corps of Engineers.
Based on the results of the work, a Record of Decision (ROD) was published in January 1989

.The ROD outlined plans for cleaning the site in phases (operable units), and identified the tasks
for Operable Unit 1 (OU1) as follows:

1 Deed restrictions to limit further use of the site

2 Construction of flood protection dike around the site and site stabilization

3 Removal and disposal of tanked l iquids and sludge

4 Removal and disposal of site structures.

5 Installation of security fencing around the site



Recording of deed restrictions is pending at this time However, other OU1 tasks were
accomplished between January 1989 and August 1991 The flood protection levee was
constructed and functional by early 1989 It was upgraded for improved effectiveness in 1990
Tanked liquids and sludge were accumulated, treated on-site and finally incinerated off-site Site
structures, including buildings and tanks, railroad lines, railroad ties, and other plant equipment
determined to constitute immediate hazard were demolished, dismantled and/or salvaged.

OL'l activities focused on mitigating hazardous conditions at the plant process area,
protecting the river, and preventing indiscriminate access to the site Other problems and
remedial activities related to contaminated soil and groundwater at the site were deferred to OU2.

On September 30, 1996, EPA issued the OU2 ROD which concluded that the site would
continue to be used as an industrial property Therefore, industrial clean-up scenarios were found
appropriate for the site It also concluded that there were no evidences of groundwater
contamination outside the boundaries of the site but that the groundwater required a long-term
monitoring program to ensure that its conditions were not deteriorating with time Therefore, the
ROD specified a remedy which called for removal and offsite disposal of l iquids (creosote and
water), immobilization, deed restriction, and monitoring The l iquid recovery component,
essentially, would drain creosote and water from affected soil to enhance immobilization
effectiveness. The liquids would be treated on-site before disposal at approved facilities off-site.
The immobilization phase would stabilize residual contaminants to limit their mobility, and solidify
contaminated soil into a mass of treated waste with li t t le or no potential to disintegrate This
would be achieved by excavating and mixing of contaminated soils with appropriate chemical
reagents The final product would be buried in the excavated area, properly graded, and capped
The other requirements of the remedy are inst i tut ional controls which would be reflected in the
property deed limiting the site to industrial use, and a five-year sampling program to monitor
contaminants in the groundwater, surface water, and sediment

Risk based, soil remedial goals specified by the ROD in mg/kg are . arsenic,
225. benzo(a)pyrene, 41.5, dibenzo(a,h)anthracene, 55; pentachlorophenol, 3,000, and dioxin,

0 00225. These clean-up goals were calculated to achieve the cancer risk protection level for
future adult workers and were determined to be protective of current youth trespassers also

While the ROD was under preparation, EPA's National Risk Management Research
Laboratory (NRMRL) in Cincinnati, Ohio began to provide technical support for the site as
requested by the region In early 1996, NRMRL included American Creosote Site in a national
study of wood preserving waste treatment using solidificatioa-'stabilization (S/S) technologies
Science Applications International Corporation (SAIC) conducted the study for NRMRL
Contaminated soils were collected from three sites and three S/S vendors were chosen to treat the
soils with several different chemical formulations The results of the study indicated that soil
contaminants associated with preserving wood by PCP, and creosote, could be immobilized
effectively, using S/S technologies.



To demonstrate successful application of the formulations, solidified products were
subjected to leach tests, in addition to measurements of permeability and unconfmed compressive
strength (UCS) The following analytical results were obtained

Arsenic <50 ppb
Pentachlorophenol <200 ppb
BAP potency < 10 ppb
Dibenzo(a,h)anthracene <4 4 ppb
TCDD-TEQ <30 ppq
Permeability < 1 x 1OE-6 cm/sec
UCS (28 day cure) >100psi

In October 1996, NRMRL issued a follow-up Work Assignment (Contract No. 68-C5-
0001, WA 1-20) to SAJC to conduct a site specific, S/S treatability study for ACW soils using
various mixtures of Portland cement, fly ash, carbon, lime and/or ki ln dust The above laboratory
results which were obtained from previous tests were specified as treatment goals for the site
specific study The study was completed in late 1996, and the results were reported including
reagent mixtures, ratios, and associated costs for meeting the specified treatment goals.

EPA contracted with Bechtel to conduct a performance based remedial design for the site
in early 1997. Under the contract, Bechtel reviewed pertinent site reports, acquired and evaluated
a limited amount of new field data. The remedial design (RD), which was completed in
September-1997, was prepared in accordance with the OU2 ROD and the S/S treatability results
As requested by EPA, Bechtel prepared the RD report in the format of a bid package for easy
incorporation into a request for proposal at a later date

With the RD in place, and because the state's technical staff have been involved actively in
the remedial activities conducted by EPA at the site so far, the Region believed that , with
appropriate technical support from EPA, the state could take the lead for the remaining OU2
remedial activities successfully Therefore, EPA encouraged the State to consider conducting the
remedial action In August 1998, the State submitted a Fund-financed State-lead Cooperative
Agreement for the work. EPA approved and funded the agreement for a total amount of
$6,000,000.00, including the State's ten percent share in September 1998.

The State prepared the RA scope of work and requested bids from several companies in
early October, 1998. A pre-bid meeting, which was mandatory for all interested bidders, was held
later in the month to discuss the RA requirements and to visit the site EPA personnel from the
Region and NRjVLRL attended the meeting to assist the state Four companies submitted bids for
the project at costs ranging from 2 8 to 12 million dollars, with OFfM Remediation Services Corp
being the lowest bidder A review of OHM's proposal and a subsequent meeting with the
company's personnel by the State and EPA confirmed that the company was capable of
performing the RA satisfactorily Therefore, the State awarded the contract to OHM in
March, 1999



Work plans for field activities, health and safety plan, sampling/analysis plan, and quality
assurance/quality control plan were submitted for State/EPA review and comments by the
contractor before mobilizing to the site in May 1999. The RA construction proceeded according
to the work plan which was approved by the State and EPA Some field and laboratory difficulties
were encountered and resolved by the contractor without jeopardizing site clean-up objectives
The State maintained daily presence at the site and provided contractor oversight during the field
work EPA project manager and the Superfund Technical Assistance Response Team leader from
N~RMRL assisted the State on various technical issues arising and visited the site frequently during
the construction period

The State and EPA conducted a pre-fmal inspection of the RA on January 5, 2000 The
inspection, and a review of records prepared by the contractor indicated that all soil remediation
work, except grass seeding, was completed in accordance with the approved RD and in
compliance with OU2 ROD requirements. The specific work completed at that time included the
following

1 Site preparation, structure demolition, segregation of scraps/debris/railroad ties: and disposal.

2 Surveys to delineate soil treatment area, and to ensure proper grading

3 Collection, treatment, and disposal of free creosote, emulsion and water from treatment area.

4 Excavation and staging of contaminated soil for treatment.

5 Treatment of excavated soil with cement, carbon, and fly ash to stabilize contaminants

6 Backfi l l ing and compaction of treated soil to solidify product

7 Covering the backfilled area with geosynthetic clay liner (GCL)

8. Ins ta l l ing an eighteen inch layer of fill dirt and a six inch layer of top soil over the GCL.

9 Site grading

10 Field sampling and laboratory analyses

Due to inclement weather, seeding for grass was not accomplished unt i l May 11. 2000 A
total of approximately 81.000 tons of contaminated soil from various parts of the site, 520,000
gallons of water, and 16,000 gallons of creosote were processed during the RA The treated soils
were compacted and capped in the backfilled area, which covered approximately 7 2 acres of the
site.



III. DEMONSTRATION OF CLEAN-UP ACTIVITY QUALITY ASSURANCE AND
QUALITY CONTROL

As stated previously, all RA construction activities conducted by the contractor were
monitored closely by the State and EPA personnel to ensure that the field activities were
consistent with the RD and RA work plan All reports which formed the bases of field and
laboratory activities incorporated necessary State and EPA procedures and protocol In support
of the State. EPA conducted independent laboratory analysis of split samples to monitor and
validate analytical results reported by the contractor during the RA The QA/QC program used
throughout the RA was in conformance with EPA and State standards Thus, the State and EPA
maintained appropriate measures for a satisfactory quality of clean-up work and determined that
the RA was conducted in accordance with the ROD requirements

IV. ACTIVITIES AND SCHEDULE FOR SITE COMPLETION

The RA activities remaining to be completed at the site include, the preparation remedial
action report, deed restriction recording, monitoring of ground water, surface water and sediment,
approving the operations and maintenance (O&M) plan, and preparing the final close-out report
The activities are planned to be completed according to the following schedule.

Task

O&M plan preparation

Remedial Action report

Deed restriction recording

Multi-media monitoring

Final Inspection

Final Close-out report preparation

Deletion from NPL

Estimated
Completion Date

06/30/00

06/30/00

06/30/00

02/28/05

04/30/05

09/30/05

09/30/05

Responsible
Organization

State/EPA

State contractor

State/EPA

State

State/EPA

EPA

EPA

V. SUMMARY OF REMEDIATION COSTS

The original cost estimate for the RA described in the OU2 ROD was S6 mi l l ion The
cost of work completed is approximately S3 3 million, and the remaining work, including seeding



and site monitoring for five years, is estimated at $0 5 million Therefore, total cost of the RA is
expected to be approximately $3 8 million Actual cost data will be included in the Final Close
Out Report

As stated earlier, OHM's bid for the project was $2 8 million which did not include the
cost of site monitoring. The contractor's projected total billing of approximately $3.3 million for
the S/S work reflects change orders, including treatment of more contaminated soil and less
quant i ty of l iquids than estimated originally, necessary disposal of debris not included in the scope
of work, and installation of access road Details of the change orders will be included in the RA
report

VI. FIVE-YEAR REVIEW

Hazardous substances will remain at the site above health-based levels after the
completion of the remedial action. Pursuant to CERCLA section 121(c), and as provided in
OSWER Directive 9355.7-02, Structures and Components of Five-Year Reviews, May 23, 1991,
and its supplement (OSWER 9355.7-02A, July 26,1994), EPA must conduct a statutory five-year
review of the RA Therefore, a five year review will be conducted by May 2004, which is five
years after mobilization to the site for OU2 remedy construction.

P Richard D GrW, Director Date
Waste Management Division
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î
CM

a
O

n
z

0
0
CO
CO

Q

Q
Z

0
oto

o
<o

8
d
*~

8
d

0
q

Q
Z

a
z

o
z

0

8

h.

m

fN
O
00
o
r*.
O

(O
^

a.
(9

m
*"

CM
CO
tô
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ẑ

z

z

ẑ
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Wells in clusters of three at stations 1, 2, 3, 4, and 5 were assigned a station number followed by a letter indicating the general
depth of the well. At station 1. for example, IS was the designation for the shallow well; 1M for the intermediate depth well; and
ID for the deep well. In addition, several wells installed for the Tennessee Department of Health and Environment [Tennessee
Department of Environment and Conservation as of 199]] before the Remedial Investigation/Feasibility Study was conducted were
numbered AMW-1 through AMW-4.

During this investigation, wells installed in clusters of six at each of the six offsite stations (OSGW1 through OSGW6) were
designated by adding hyphens (-) and well-numbers 1 through 6 to the station number for each of the six wells at each station (for
example, OSGW1-1). In this report, USGS local well numbers for Tennessee are used to label stratigraphic test holes (fig. 3) and
water-level observation wells (figs. 5 and 6) to aid in locating the geophysical logs and water-level data used. USGS local well •
numbers also are included in tables 2, 3, 5, 9, 10, 11, 12, 13, 14, 15, and 16 for cross reference.

In table 13 of this report, the 50 water-supply wells inventoried within a 2-mile radius of the American Creosote Works abandoned
plant site were given map numbers (Wl, W2, and so forth) for concise designation of wells on figure 14.

Tennessee District well-numbering system: Wells in Tennessee are identified according to the numbering system that is used by the
U.S. Geological Survey, Water Resources Division. The well number consists of three parts:

(1) an abbreviation of the name of the county in which the well is located;
(2) a letter designating the 7 1/2-minute topographic quadrangle on which the well is plotted; quadrangles arc lettered from

left to right across the county beginning in the southwest comer of the county; and
(3) a number generally indicating-the numerical order in which the well was inventoried.

For example, Md:G-326 indicates that the well is located in Madison County on the "G" quadrangle and is identified as well 326 in
the numerical sequence.

ACRONYMS
ACW = American Creosote Works. Inc.
BTEX = benzene, toluene, elhylbenzcne, xylencs
DPT = Direct Push Technology
GC/PID = gas chromatography with photo-ionization detection
HPLC = high-performance liquid chromatography
JUD--«= Jackson Utility Division
MCL = maximum contaminant level
NAPL = non-aqueous phase liquids
NWQL = National Water Quality Laboratory
PAH = polynuclear aromatic hydrocarbon
PCP = pcntachlorophenol
PVC = polyvinyl chloride
QA/QC = quality assurance/quality control
RI/FS = Remedial Investigation/Feasibility Study
SVC = semi-volatile compounds
TDEC = Tennessee Department of Environment and Conservation
USEPA = U.S. Environmental Protection Agency
USGS = U.S. Geological Survey
VOC = volatile organic compounds
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Hydrogeology, Ground-Water Quality, and Potential
for Water-Supply Contamination near an Abandoned
Wood-Preserving Plant Site at Jackson, Tennessee

By William S. Parks, June E. Mirecki, and James A. Kingsbury

Abstract

An investigation was conducted by the
U.S. Geological Survey from 1990 to'l993 to
collect and interpret hydrogeologic and ground-
water-quality data specific to the American
Creosote Works (ACW) abandoned plant site at
Jackson, Tennessee. The purposes of this
investigation were to determine the extent and
magnitude of ground-water contamination in
offsite areas and to assess the potential for
contamination of water-supply wells.

Direct Push Technology was used to col-
lect water samples from the alluvial aquifer at
six offsite stations near the ACW site at depths
of less than 40 feet below land surface. In
addition, 36 wells were installed in clusters of
6 wells at the 6 offsite stations to collect water
samples from the alluvial aquifer at depths of
less than about 40 feet and from the Fort Pil-
low aquifer at depths of as much as about
150 feet below land surface.

Ground-water samples collected with
Direct Push Technology methods were
analyzed for polynuclear aromatic hydrocar-
bons, phenolic compounds (including
pentachlorophenol), and nitrogen-containing
heterocyclic compounds using high-
performance liquid chromatography. These
samples also were analyzed for a selected list
of volatile organic compounds using gas chro-
matography with photo-ionization detection.
Water samples pumped from the 36 wells were
analyzed for selected volatile and semi-volatile

organic compounds and for trace elements and
major inorganic constituents.

Most contaminants in offsite areas were in
samples from some wells screened in the allu-
vial aquifer. Naphthalene and volatile organic
compounds were detected at concentrations that
ranged generally from 0.2 to 20 micrograms
per liter. Concentrations of all organic com-
pounds were below State primary maximum
contaminant levels for drinking water. Most
contaminants are suspected to have been sorbed
onto clay-mineral surfaces, or to have been
degraded by microbial activity in the alluvial
aquifer beneath the ACW site, before reaching
the offsite areas.

Low concentrations of a few volatile
organic compounds also were detected in sam-
ples from some offsite wells screened in the
deeper Fort Pillow aquifer. Benzene and
xylene were detected at concentrations ranging
from 0.2 to 0.9 micrograms per liter, at depths
of as much as 135 feet below land surface.
However, semi-volatile organic compounds that
commonly characterize contamination from
wood-preserving processes were not detected in
the Fort Pillow aquifer.

Two wells in the Jackson Utility Division
South Well Field and an industrial well
screened in the Fort Pillow aquifer east (upgra-
dient) of the ACW site were sampled. The
samples were analyzed for the same organic
compounds and inorganic constituents as the 36
offsite wells near the ACW site.

Abstract 1



Tetrachloroethylene, trichloroethylene, chloro-
form, and other volatile organic compounds
were detected at low concentrations in water
from these three wells. The detection of these
contaminants, which are not commonly associ-
ated with woodpreserving processes, in the
well-Field wells is problematic inasmuch as
many possible sources for these contaminants
exist in the well-field area.

In addition to sampling the three wells in
the Fort Pillow aquifer east of the ACW site, a
domestic well, an industrial well, and an agri-
cultural well screened in this aquifer west
(downgradient) of the site were sampled. No
contaminants from the ACW site were detected
in the samples from these wells.

INTRODUCTION

American Creosote Works, Inc. (ACW) oper-
ated a wood-preserving plant at Jackson, Tennessee,
for about 50 years (1930's until December 1981).
Both creosote and pentachlorophenol (PCP) were
used in the wood-preserving processes. Operations
at this facility caused significant soil, surface-water,
and ground-water contamination, and in 1984, the
abandoned plant site was placed on the U.S. Envi-
ronmental Protection Agency (USEPA) Superfund
National Priorities List. Although a Remedial
Investigation/Feasibility Study (RI/FS) was con-
ducted at the ACW site for the USEPA (S&ME,
Inc., 1988), available data were inadequate to
assess the associated effects on nearby surface water
or to delineate and characterize any offsite ground-
water contamination. Subsequently, the U.S. Geo-
logical Survey (USGS) in cooperation with the
North Superfund Remedial Branch, Waste Manage-
ment Division, of the USEPA, Region IV, con-
ducted investigations from 1990 to 1993 to deter-
mine and document lexicological effects on nearby
surface waters, to delineate and characterize any
ground-water contamination in offsite areas, and to
assess the potential for contamination of water-
supply wells.

Purpose and Scope

This report summarizes the results of the
USGS investigation of ground-water contamination
in areas near the ACW site and presents the
hydrogeologic, water-level, and water-quality data

collected. The report also summarizes the field
work conducted and procedures followed during the
investigation (Appendix 1) and presents geologic
information from stratigraphic test holes and con-
struction details for wells installed (Appendix'2).

The specific objectives of the ground-water
investigation were to determine the area! extent and
magnitude of contaminants in ground water in areas
near the ACW site and to assess the potential for
water-supply contamination from the site with
emphasis on the municipal wells in the Jackson
Utility Division (JUD) South Well Field. The
offsite ground-water investigation was limited to
areas within about 500 feet to the south and west of
the ACW site. The assessment of the potential for
water-supply contamination was limited to an area
within a 2-mile radius of the site.

Approach

Because areas where the offsite ground-water
investigation was to be conducted were located in
low-lying, swampy terrain, and because depths of
possible contaminant migration determined during
the work conducted for the onsite RJ/FS (S&ME,
Inc., 1988) exceeded the capabilities of most small,
lightweight drilling rigs, much consideration was
given to the selection of subsurface exploration and
ground-water sampling methods before the offsite
investigation was begun. Direct Push Technology
(DPT) of In-Situ Technology, Orlando, Florida,
and a modified-auger method of subsurface explora-
tion and ground-water sampling were evaluated at
two onsite ground-water data-collection stations at
the ACW site to determine the suitability of these
methods for use during the offsite investigation
(Parks and others, 1993). In addition, gas chroma-
tography with photo-ionization detection (GC/PID),
high-performance liquid chromatography (HPLC),
CHEMetrix phenol analysis, and Microtox bioassay
methods for water-quality analysis also were
evaluated.

Results from this evaluation showed that DPT
methods were useful for lithologic data and ground-
water-sample collection to depths less than about
35 feet below land surface, which was the approxi-
mate depth limit of penetration refusal of the DPT
piezocone and Hydrocone tools. Ground-water
samples collected with the modified-auger method

2 Hydrogaology. Ground-Water Quality, and Potential for Water-Supply Contamination
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Ti-

ed to be susceptible to downhole contamination
contaminated zones were penetrated. Of the
water-quality-analysis methods evaluated, the
3ID and HPLC proved to be the most effective
itecting contaminants in ground water (Parks
Dthers, 1993).
On the basis of the onsite evaluation of meth-
DPT was used for collecting lithologic data
ground-water samples to depths of about
set below land surface (depth of penetration
,al) at six offsite stations and GC/PID and
C were used for analysis of the ground-water
iles collected. In addition, six wells were
lied at each of the six offsite stations. Three at
station were screened at depths less than about

:et below land surface (depths determined from
)PT work and GC/PID and HPLC analyses),
Jiree wells were screened from about 40 to
feet below land surface (depths determined
stratigraphic test holes drilled at each station).
Major work tasks performed for the offsite
nd-water investigation and the assessment of
'Otential for water-supply contamination were:
(1) inventorying water-supply wells within a

2-mile radius of the ACW site;
(2) recording water levels continuously in 1

shallow well and 1 deep well onsite;
(3) drilling stratigraphic test holes at 3 onsite

and 6 offsite stations;
(4) conducting DPT work to collect lithologic

data and ground-water samples at the 6
offsite stations;

(5) analyzing these ground-water samples
using field GC/PID and laboratory HPLC
methods;

(6) installing and developing 36 wells for
ground-water sample collection at the 6
offsite stations;

(7) measuring water levels in 33 onsite and
36 offsite wells, during seasonal high and
low water levels;

(8) sampling the 36 wells installed at the 6
offsite stations;

(9) sampling 6 water-supply wells screened in
the Fort Pillow aquifer and 1 screened in
the alluvial aquifer within a 2-mile radius
of the site;

10) analyzing the water samples collected
from the 36 offsite wells and 7 water-
supply wells;

(11) compiling and interpreting hydrogeologic,
water-level, and water-quality data; and

(12) preparing this report for publication.

SITE DESCRIPTION

The ACW abandoned plant site (fig. 1) is
located in the southwestern part of the city of Jack-
son, Madison County, Tennessee. The site, which
is approximately 60 acres in size, is bounded on the
north by Central Creek, on the east by industrial
properties, on the south by the Seaboard Railroad
and the South Fork Forked Deer River, and on the
west by Central Creek.

The ACW site is on the alluvial plain of the
South Fork Forked Deer River, the major stream
draining the Jackson area. The river flows from
southeast to northwest where it passes near the
southwestern corner of the site (fig. 1). Central
Creek, a minor tributary to the South Fork Forked
Deer River, flows generally westward from an
urban area in west Jackson, through a commercial
and industrial area, and along part of the northern
border of the site. Near the northwestern corner of
the site, the creek turns approximately 90 degrees,
flows southeastward along the site's western border,
and enters the South Fork Forked Deer River near
the southwestern corner of the site.

The terrain at the ACW site is flat except for
the relief provided by the stream channels, which is
about 15 feet in the area. Land-surface altitudes
range from about 340 feet above sea level along the
South Fork Forked Deer River to about 350 feet
near the northeastern corner of the site. The site is
partially protected from flooding by levees on the
west and south.

Nearby areas to the west and south of the
ACW site-called "offsite areas" for purposes of
this report-where the ground-water investigation
was conducted are on the swampy alluvial plain of
the South Fork Forked Deer River and are subject
to seasonal flooding. These areas are separated
from the site by Central Creek and the embankment
of the Seaboard Railroad. Access to the offsite
areas is along a ut i l i ty line right-of-way that crosses
the alluvial plain for a distance of about 1/2 mile
from improved roads. For these reasons, the off-
site areas generally are accessible only during dry
times of the year.

Sita Description
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Figure 1. Location of the American Creosote Works abandoned plant site at Jackson, Tennessee.
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HYDROGEOLOGY

The ACW site is located on the eastern l imb of
the Mississippi embayment, a broad structural
trough or syncline that plunges southward along an
axis that approximates the Mississippi River (Gush-
ing and others, 1964). This syncline is filled with a
few thousand feet of unconsolidated to semiconsoli-
dated sediments comprising formations of Creta-
ceous and Tertiary age. These formations dip gent-
ly westward into the embayment and southward
down the axis. Overlying the Cretaceous and
Tertiary sediments in many areas are the fluvial
deposits, loess, and alluvium of Tertiary(?) and
Quaternary age. Post-Cretaceous geologic units
underlying the ACW site are the Clayton Forma-
t ion, Porters Creek Clay, Old Breastworks Forma-
tion, and Fort Pillow Sand of Tertiary age and the
alluvium of Quaternary age (table 1).

Aquifer Description and Structural Relations

The Fort Pillow Sand and the alluvium consist
pr imar i ly tifSand with silt and clay lenses at vari-
ous stratigraphic horizons. These units constitute
the Fort Pillow aquifer (Parks and Carmichael,
1989) and the al luvial aquifer. In the area of the
ACW site, the Fort Pillow and al luvial aquifers are
not separated by a confining unit of any significant
thickness or areal extent. However, because dif-
ferences in silt and clay content in the sands affect
contaminant migration in the subsurface beneath the
ACW site, the Fort Pillow and al luvia l aquifers are
treated as separate aquifers in this report.

The uppermost alluvium consists primarily of
clay and silt with some interbedded fine sand and
serves as a relatively thin (0 to 20 feet thick) upper
confining unit for the alluvial and Fort Pillow aqui-
fers. The Clayton Formation and the Porters Creek
Clay consist predominantly of clay and serve as a
relatively thick (about 215 feet thick) lower confin-
ing uni t separating the Fort Pillow aquifer from the
deeper McNairy aquifer (table 1). The Old Breast-
works Formation, between the Porters Creek Clay
and the Fort Pillow Sand, consists pr imari ly of very
fine to fine sand with clay interbeds and may serve

more as a part uf the lower confining unit than as
an aquifer.

Nine stratigraphic test holes (table 2) were
drilled through the a l luvium, Fort Pillow Sand, and
Old Breastworks Formation into the Porters Creek
Clay at onsite stations 4, 6, and 7 and offsite sta-
tions OSGW1 through OSGW6 (fig. 2). Lithologic
descriptions from samples collected and the geo-
physical logs made in these test holes are given in
Appendix 2.

The boundary between the top of the Porters
Creek Clay and the base of the overlying Old
Breastworks Formation (where present) or Fort
Pillow Sand is the most distinctive contact encount-
ered in the stratigraphic test holes drilled at the
three onsite and six offsite stations. The structure-
contour map (fig. 2) of the top of the Porters Creek
Clay indicates that its contact with the overlying
Old Breastworks Formation or Fort Pil low Sand has
an approximate dip of 20 to 30 feet per mile to the
southwest beneath the central and western parts of
the ACW site. In the northeast corner of the ACW
site, the al t i tude of the top of the Porters Creek
Clay in stratigraphic test hole Md:G-326 was about
35 feet lower than in the eight other test holes
(fig. 2, table 3). This anomaly is interpreted to be
relief (perhaps, a channel feature) on an erosional
surface at the top of the Porters Creek Clay.
Russell and Parks (1975, p. B24) determined that
relief on this surface (contact between the Porters
Creek Clay and Wilcox Formation in their report)
locally is as much as 50 feet in the outcrop area in
western Tennessee.

The anomaly in alt i tude of the top of the Por-
ters Creek Clay at the ACW site could be the result
of a fault. Evidence for a fault, however, is equiv-
ocal. Layers of rock (claystone or siliceous sand-
stone) interbedded with silty clay or si l ty sand that
were encountered in the Porters Creek Clay near
the bottoms of test holes Md:G-326, Md:G-360,
and Md:G-362 (fig. 3, Appendix 2) may represent
a continuous uni t in the Porters Creek Clay under-
lying the site. If so, the difference in a l t i tude of the
top of the Porters Creek Clay in test hole
Md:G-326 and the other test holes supports the
hypothesis that the anomaly is the result of relief on
an erosional surface.

Hydrogeology



Table 1. Post-Cretaceous geologic units underlying the American Creosote Works abandoned plant site at Jackson,
Tennessee

[Compiled from lilhologic ind geophysical logs of test holes drilled at the site and al the University of Tennessee Agricultural Experiment Sution
1 1/2 miles northwest, and reports by Schneider ind Blankenship (1950), Milhous (1959), Parks (1968), Russell and Parks (1975). and Parks and
Carmichael (1989)]

Syitem

Quaternary

Tertiary

Serial

Holocene
and

Pleistocene

Eocene

Paleocenc

Group

Wilcox

Midway

Stratigraphic unit

Alluvium
(Alluvial aquifer)

Fort Pillow Sand
(Fort Pillow aquifer)

Old Breastworks
Formation

Porters Creek Clay

Clayton Formation

Thickneet
(in feat)

30-40

90-135

0-35

175

40

Lithology

Sand, silt, clay, and gravel.
Underlies the alluvial plain of
the South Fork Forked Deer
River. Upper part consists of
clay, silt, and fine sand; lower
part consists of fine to coarse
sand containing some gravel.

Sand, silt, clay, and minor lignite.
Consists of lenses of medium to
coarse and fine to medium sand
with lenses of silt and clay at
various stratigraphic horizons.

Sand, silt, clay, and lignite. Con-
sists of fine to medium and fine
to very fine sand with lenses
of silt, clay, and lignite.

Clay and lenses of sand. Consists of
a widespread and thick body of
clay with some intcrbcds of Tine
sand. Locally contains thin beds
of claystone in upper part.
Serves as the principal confining
layer separating the Fort Pillow
aquifer from the McNairy aquifer.

Clay, silt, and sand. Overlies the
Owl Creek Formation and the
McNairy Sand of Cretaceous age.

Hydrogeology. Ground-Water Quality, and Potential for Water-Supply Contamination
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Table 2. Stratigraphic test holes drilled at onsite stations 4, 6, and 7 and of fs i te stations OSGW1 through OSGW6
and depth to and altitude of top of the Porters Creek Clay at the American Creosote Works abandoned plant site

(USGS, U.S. Geologici! Survey]

Station
number

<««•
fig. 2)

4

6

7

USGS
local
wall

number

Md:G-365
Md:G-366

Md:G-326

Date
completed

11-19-91
11-20-91
05-15-90

Altitude
of land
aurface

above tea
level.
in feet

Ousite stations

344

346

348

Depth to top
of Portere
Creek Clay
below land

surface.
in feet

156

157

194

Altitude of
top of Porters

Creek Clay
above sea

level.
in feet

188

189

154

Total
depth
of test
hole.

in feet

223

216

245

OfT<>ite stations

OSGW1
OSGW2
OSGW3
OSGW4
OSGW5
OSGW6

Md:G-359
Md:G-360
Md:G-361
Md.G-362
MdG-363
Md:G-364

10-08-91
10-10-91
10-22-91
10-29-91
10-27-91
10-25-91

343
342
341
343
342
342

154
160
157
160
158
158

189
182
184
183
184
184

218
240
236
236
228
229

Aquifer Characteristics and Ground-Water
Flow . _

Water levels were measured in 33 onsite wells
in March and October 1990 and in 31 onsite and 36
offsite wells in October 1992 (fig. 4; table 3).
These data indicate that water levels generally are
high throughout the year, ranging from about 1 to
10 feet below land surface. Onsite and offsite clus-
ters of monitoring wells are screened at depths of
about 8 to 41 feet below land surface in the alluvial
aquifer and 36 to 154 feet below land surface in the
Fort Pillow aquifer (table 3). The Fort Pillow and
alluvial aquifers are semi-confined beneath the
ACW site.

Water levels measured in the onsite and offsite
monitoring wells during October 1992 (table 3)
were used to prepare potentiometric-surface maps
of the alluvial aquifer and the Fort Pillow aquifer.
These maps (fig. 5) indicate that relatively small
differences in hydraulic head exist between these
aquifers. Where wells are in clusters, water levels
in the shallowest wells in the alluvial aquifer and
the deepest wells in the Fort Pillow aquifer were
used for preparation of the maps (fig. 5).

Water levels range from about 340 feet above
sea level in wells at the higher altitudes at the
northeastern part of the area to about 334 feet
above sea level in the southwestern part near the
South Fork Forked Deer River (fig. 5). Thus, the
horizontal component of ground-water flow is from
northeast to southwest across the ACW site toward
the river (fig. 5).

Water levels were recorded continuously since
February 21, 1990, in well Md:G-284, (fig. 5)
screened from 25 to 35 feet in the alluvial aquifer,
and since May 30, 1990, in well Md:G-326 (fig. 5)
screened from 134 to 154 feet in the Fort Pillow
aquifer to determine seasonal water-level fluctua-
tions. Hydrographs for these wells (fig. 6) show
that water levels in the shallow and deep zones
fluctuate similarly as if the wells are screened in a
single aquifer. Hydraulic head differences in wells
Md:G-284 and Md:G-326 (fig. 6) are less than
0.5 foot and generally are higher in the alluvial
aquifer than in the Fort Pillow aquifer, indicating
downward movement of ground water (recharge)
beneath this part of the ACW site.

Vertical hydraulic gradients locally are some-
what complex and vary upward or downward
among wells in clusters and among clusters, based

Hydrogeology
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each station. Wells 1-3 screened in the
alluvial aquifer and wells 4-6 screened
in the Fort Pillow aquifer. For example,
OSGW1-1 is screened in the alluvial
aquifer and OSGW1-4 is the shallowest
of the three wells screened in the Fort
Pillow aquifer

Figure 4. Location of wells screened in the alluvial and Fort Pillow aquifers in which water levels were measured in

March 1990. October 1990. and October 1992.
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a 3. Well descriptions and water levels measured in onsite and offsite wells at the American Creosote Works
idoned plant site in March 1990. October 1990, and October 1992

IS, U.S. Geological Survey; -, indicitei no measurement, becautc well had IKK been iiuulled]

Wall numbcri

aject USGS local
ind few
lap Tenneeeee

Altituda of
land aurfaca
•bova aaa

lava),
in (aet

Scraanad
intarval

balow land
aurfaca,
in faet

Aquifar
in which
•craanad

Water-

Depth on
3-22-90.

in faat

leval below land aurfaca

Oapth on Depth on
10-17-90. 10-21-92.

in feet in feat

Onsile wells

IW-1 Md:G-284
IW-t Md.G-287

Md:G-289
Md:G-290
Md:G-291

Md:G-293
Md:G-294
Md:G-295

Md:G-297
Md:G-298
Md:G-299

Md:G-301
Md:G-302

- .» Md.G-303

Md:G-305
Md:G-306
Md:G-307

Md:G-309

Md G-310

Md:G-311

Md:G-312

Md:G-313
< Md:G-323

Md:G-314
< Md:G-324

Md:G-315

Md:G-316

Md:G-317

Md:G-318

Md.G-319

Md:G-320

Md:G-321

ne Md:G-326

348
344

350
350
350

342
342
342

343
343
343

347
347
347

342
342
342

348

349

347

346

343
343

347
347

346

344

344

342

342

342

344'

348

25
20

20.5
54.5

112

12
29.5

116.5

8 5
32.5

125.5

16.5
52.5

117.5

1 4 5
57

100.5

16.5

14

14

15

12.5
11

17
17

14.5

14.5

14.5

13

12

9.5

14.5

134

- 35
- 25

- 25.5
- 59.5
- 122

- 17
- 34.5
- 126.5

- 13 5
- 37.5
- 135.5

- 21.5
- 57.5
- 127.5

- 19.5
- 62
- 110.5

- 21 5

- 19

- 19

- :o
- 175
- 16

- 21.5
- 22

- 19.5

- 19.5

- 19.5

- 18

- 17

- 14.5

- 19.5

- 154

Alluvial
Alluvial

Alluvial
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Fort Pillow

Alluvial
Alluvial
Fort Pillow

Alluvial
Fort Pillow
Fort Pillow

Alluvial
Fort Pillow
Fort Pillow

Alluvial

Alluvial

Alluvial

Alluvial

Alluvial
Alluvial

Alluvial
Alluvial

Alluvial

Alluvial

Alluvial

Alluvial

Alluvial

Alluvial

Alluvial

Fort Pillow

5.90
7.43

7.00
7.33
7.33

520
5.42
4.30

4.95
485
3.80

5.10
4.97
5.94

2.32
1.78
1.36

5.91

607

4.66

486

2.98
2.50

5.15
5.00

4.72

5.69

3 81

7.00

2.73

2.15

3.38

--

8 18
9.42

9.41
9.64
9.59

7.65
7.87
6.52

656
6.52
5.98

7.29
7.36
8.15

4.63
4.11
360

8.20

8.34

7.00

730

5.44
4.93

7.44
7.28

666

5.06

5.48

3.22

5.06

436

5.49

8.10

8.50
no measurement

9.63
9.92
9.93

7.44
7.79
6.44

6.54
6.36
5.88

7.12
7.22
8.22

4.79
4.52
3.68

8.44

8.67

7.23

7.43

5.52
5.05

7.47
7.40

no measurement

5.07

5.17

4.98

5.15

4.45

5.54

8.39

Hydrogeology



Table 3. Well descriptions and water levels measured in onsite and offsi te wells at the American Creosote Works
abandoned plant site in March 1990, October 1990, and October 1992-Continued

Well numbere

Project
and
map

USGS local
for

Tenneeaee

Altituda of
land surface

abova aaa
level,

in feet

Screened
interval

below land
•urtsca,
in feet

Water-level below land aurfaea

Aquifer Depth on
in which 3-22-90.
acreened in feet

Depth on Depth on
10-17-90, 10-21-92,

in feet in feet

OfTsite wells

OSGW1-1
OSGW1-2
OSGW1-3
OSGW1-4
OSGW1-5
OSGW1-6

OSGW2-1
OSGW2-2
OSGW2-3
OSGW2-4
OSGW2-5 .
OSGW2-6

OSGW3-1
OSGW3-2
OSGW3-3
OSGW3-4
OSGW3-5
osaws-6

OSGW4-1
OSGW4-2
OSGW4-3
OSGW4-4
OSGW4-5
OSGW4-6

OSGW5-1
OSGW5-2
OSGW5-3
OSGW5-4
OSGW5-5
OSGW5-6

OSGW6-1
OSGW6-2
OSGW6-3
OSGW6-4
OSGW6-5
OSGW6-6

Md.G-367
Md:G-368
Md:G-369
Md:G-370
Md:G-371
Md:G-372

Md:G-373
Nd:G-374
Md.G-375
Md:G-376
Md:G-377
Md:G-378

Md:G-379
Md.G-380
Md:G-381
Md:G-382
Md:G-383
Md:G-384

Md:G-385
Md:G-386
Md:G-387
Md G-388
MdG-389
Md.G-390

Md:G-391
Md:G-392
Md:G-393
Md:G-394
Md.G-395
Md:G-396

Md:G-397
Md:G-398
Md:G-399
Md:G-400
Md:G-401
Md:G-402

343
343
343
343
343
343

342
342
342
342
342
342

341
341
341
341
341
341

343
343
343
343
343
343

342
342
342 .
342
342
342

342
342
342
342
342
342

13
19
27
42
92

128

10
17
24
62
92

127

9
15
24
36
68

138

10
22
36
48
79

117

12
19
27
40
83

113

10
19
27
50
82

120

- 18
- 24
- 32
- 52
- 102
- 138

- 15
- 22
- 29
- 72
- 102
- 137

- 14
- 20
- 29
- 46
- 78
- 148

- 15
- 27
- 41
- 58
- 89
- 127

- 17
- 24
- 32
- 50
- 93
- 123

- 15
- 24
- 32
- 60
- 92
- 130

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

Alluvial
Alluvial
Alluvial
Fort Pillow
Fort Pillow
Fort Pillow

5.63
5.20
5.57
5.25
5.53

. -- 5.26

6.27
5.92
5.75
5.42
4.88
5.30

680
7.25
743
7.25
5.85
5.58

9.44
9.79
9.55
8.52
8.04
6.73

6.75
675
680
6.47
6.01
5.73

6 40
6.21
6.38
6.00
6.40
620
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Fort Pillow aquifer

9ass rnodif.ea from SiyE. Inc . 1983

EXPLANATION

0 200 FEET

0 100 METERS

335-- POTENTIOMETR1C CONTOUR--Shows
a l t i tude at -vrhich water level
stood in wells. Dashed where
approximately located. Contour
interval 1 foot. Datum is sea level

«- DIRECTION OF GROUND-WATER FLOW

C C" LINE OF SECTION — (See f igure 7)

• WELL IN WHICH WATER LEVEL WAS
MEASURED

O WELL WITH CONTINUOUS WATER-LEVEL
\ iaG-J26 RECORDER AND WE LI, NUMBER

• STATION WITH WELL CLUSTER AND
2 NUMBER

re 5. Potentiometnc surfaces in the alluvial and Fort Pillow aquifers, October 1992, and location of wells
3-284 and Md:G-326.
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Figure 6. Water levels recorded in well Md:G-284 screened m the alluvial aquifer and well Md:G-326 screened in the
Fort Pillow aquifer, February 1990 through May 1993, at the American Creosote Works abandoned plant site.
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water-level measurements (table 3). Water
jls generally are slightly higher in the shallower
Is than in the deeper wells at onsite stations 1
•.Us IS, 1M, and ID) and 4 (wells 4S, 4M, and
) (fig. 4). These differences in hydraulic head
icate a downward hydraulic gradient in the
theastern and northern parts of the ACW site
recharge to the aquifers. Water levels

erally are slightly higher in the deeper wells
i in the shallower wells at onsite station 2 (wells
2M, and 3D), station 3 (wells 3S, 3M, and

I, and station 5 (wells 5S, 5M, and 5D) (fig. 4).
ter levels also are higher in the deeper wells
i in the shallower wells at offsite stations
3W1 through OSGW6 (fig. 4). These differ-
es in hydraulic head indicate upward flow of
er in the northwestern, west-central, and south-
.tern parts of the ACW site and in nearby offsite
is and discharge from the aquifers to the South
k Forked Deer River. A generalized hydrogeo-
.c section from station 1, through stations 5 and
o the South Fork Forked Deer River depicts
und-water flow at the ACW site (fig. 7) for
;ntiometric conditions during October 1992.
Hydraulic conductivities for the alluvial and
t Pillow aquifers were determined by computer
lysis of=filling-rates of the Hydrocone tool for
>ot intervals during the ground-water sampling
. part of the DPT work at onsite stations (Parks
others, 1993) and at offsite stations OSGW1

iugh OSGW6 (table 4). Forty measurements of
raulic conductivity for the alluvial aquifer
jed from 0.195 to 46.8 ft/day, and three meas-
nents of hydraulic conductivity for the Fort
DW aquifer ranged from 0.009 to 26.4 ft/day,
se ranges in hydraulic conductivity meas-
nents indicate considerable heterogeneity in the
ments that make up the alluvial and Fort Pillow
ifers.
Average flow velocities of ground water in the
vial and Fort Pillow aquifers were calculated
g an equation derived from a combination of
cy's law and the velocity equation of hydraulics
ath, 1983):

v = Kdh

ndl

where,
v is the Darcian velocity, which is the

average velocity of the entire cross-
sectional area, in feet per day;

K is the hydraulic conductivity, in feet
per day;

dhldl is the hydraulic gradient, in foot per
foot; and

/i is the porosity, in percent by volume.
Hydraulic gradients estimated from the potentio-

metric surface maps (fig. 5) and median values of
hydraulic conductivity determined from the DPT
results at onsite (Parks and others, .1993) and offsite
(table 4) stations were used in the calculations.
Porosity was assumed to be 20 percent for both
aquifers.

For the alluvial aquifer, an average ground-
water flow velocity was calculated using a median
hydraulic conductivity of 2.46 ft/day and an esti-
mated hydraulic gradient of 0.0038 foot per foot.
These values indicate an average flow velocity of
about 0.047 foot per day (17 feet per year). Mini-
mum and maximum values for hydraulic conductiv-
ity substituted into this equation indicate minimum
and maximum average flow velocities in the alluvial
aquifer of about 1.4 and 325 feet per year.

For the Fort Pillow aquifer, an average ground-
water flow velocity was calculated using a median
hydraulic conductivity of 2.03 ft/day and an esti-
mated hydraulic gradient of 0.0027 foot per foot.
These values indicate an average flow velocity of
about 0.027 foot per day (10 feet per year). Mini-
mum and maximum values of hydraulic conducti-
vity substituted into the equation indicate minimum
and maximum average flow velocities in the Fort
Pillow aquifer of about 0.04 and 130 feet per year.

GROUND-WATER QUALITY

For this investigation, ground-water samples
were collected at 6 offsite stations with the DPT
Hydrocone tool and from 36 wells installed at these
stations (6 wells at each station) to determine the
extent and magnitude of offsite contamination from
the ACW site. Ground-water samples collected
with the DPT Hydrocone tool were analyzed for
polynuclear aromatic hydrocarbons (PAH's),

Ground-Water Quality 15



Water table

Alluvial and
o> Fort Pillow '

aquifers and
Old Breastworks

Formation

200-

Porters Creek Clay

0

150

200 400 FEET
I !

I r
0 50 100 METERS

Vertical scale greatly exaggerated

EXPLANATION

-335-- EQUTPOTENTIAL LINE—Shows altitude at
which water level would have stood
in tightly cased wells. Dashed where
approximately located. Interval is 1
foot. Datum is sea level

GENERALIZED FLOW LINE—Dashed where
flow direction is uncertain. Arrow
shows direction of flow

ONSITE STATION WITH WELL CLUSTER

SCREENED INTERVALS OF WELLS IN
CLUSTERS

Figure 7. Hydrogeologic section C-C' showing generalized ground-water flow beneath the American Creosote Works
abandoned plant site. (See figure 5 for location of hydrogeologic section.)
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We 4. Water levels, hydraulic conductivities, lithologies, and relative densities of sediment in the alluvial aquifer at
site stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant site

tier leveli were cilcutalcd from hydroatatic-preiauredata from the Hydrocone tool; hydraulic conductivities were calculated from hydroiUlic-
inire data ind filling ralea of the Hydrocone tool; lilhology waa derived from computer analyiii of poinl-rtreu and friction data from Ihe
:ocone tool; relative demiliei of tcdiment were calculated from the piezoconc point-atrcn daU and are given in uniu equivalent to numben of
vi per foot 11 meanired by a lUndard penetration test conducted by driving a jplit-ipoon sampler out the bottom of a hollow-item auger with i
-pound hammer]

tation
umber

SGW1

SGW2

SGW3

" -T"

SGW4

SGW5

SGW6

Hydrocon*.
depth below
land (urfic*.

in f«it

15
27
29
30.5

9
14
16
21
23
28

13.5
19
23
28

14
19
22
35
40

14
16
23
31

11
14
17
21
26
30

- 16
- 28
- 30
- 31.5

- 10
- 15
- 17
- 22
- 24
- 29

- 14.5
- 20
- 24
- 29

- 15
- 20
- 23
- 36
- 41

- 15
- 17
- 24
- 32

- 12
- 15
- 18
- 22
- 27
- 31

Witer
level below

land lurfece.
in lot

4.5
4.5
4.5
4.5

5
5
5
5
5
5

6.5
6.5
6.5
65

7.5
75
7.5
7.5
7.5

6
6
6
6

6
6
6
6
6
6

Hydraulic
conductivity,

in feet
per day

0.347
46.8

6.81
.T78

.289
5.51
1.11
1.94
1.44
1.83

.773
3.71

.888
2.54

955
.255

3.56
.373
.735

1.23
239 '
1.77
2. 16

9.89
20.8
11.5
10.5
4.32
9.83

Lithology

Fine sand
Fine sand
Clayey fine sand
Silly to clayey fine sand

Fine sand
Silly fine sand
Dense or cemented sands
Silly fine sand
Dense or cemented sands
No data

Fine sand
Fine sand
Fine sand
No data

Silly to clayey fine sand
Fine sand
Fine sand
Dense or cemented sands
Fine sand

Fine sand
Sandy clay
Fine sand
Fine sand

Silly lo clayey Fine sand
Silly lo clayey Tine sand
Silly fine sand
Silly lo clayey fine sand
Silly fine sand
Fine sand

Relative
deneity

of
•ediment

40
19
40
45

30
15
50
25
45

31
29
37
—

35
29
45
32
21

55
18
41
33

18
23
24
20
27
42
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phenolic compounds (including PCP), and nitrogen-
containing heterocyclic compounds. The DPT
samples also were analyzed for selected volatile
organic compounds. (VOC's). Water samples
pumped from the 36 wells were analyzed for
selected VOC's and semi-volatile organic com-
pounds (SVC's). Samples from these wells also
were analyzed for trace elements, major inorganic
constituents, and water-quality characteristics.

Onsite ground-water-quality data are sum-
marized herein to identify possible contaminants
and to provide a geochemical basis for comparison
to offsite ground-water contaminant concentrations.
Data for organic compounds are from an onsite
evaluation of subsurface exploration, sampling, and
water-quality-analysis methods (Parks and others,
1993). Data for trace elements are from the RI/FS
for the ACW site (S&ME, Inc., 1988). Discussion
of the transport and fate of organic constituents of
creosote and related contaminants in ground water
at the ACW site is based on results of investigations
at the American Creosote Works abandoned plant
site at Pensacola, Florida (Mattraw and Franks,
1986).

In the discussion that follows (and in tables 8,
10, and 14), references are made to primary maxi-
mum contaminant levels (MCL's) in drinking
watecj- The Tennessee Department of Environment
and Conservation (TDEC) is the regulatory agency
that determines these levels for the State of Tennes-
see (Tennessee Department of Environment and
Conservation, 1993). The TDEC follows the pri-
mary MCL's established by the USEPA (U.S. En-
vironmental Protection Agency, 1986, 1992).
Therefore, for discussion of organic compounds and
trace elements, reference is made to primary
MCL's of the TDEC.

Onsite Water Quality

The physical and chemical nature of the con-
taminants in the subsurface beneath the ACW site is
complex. Creosote, a coal-tar distillate used as a
wood preservative, is a mixture of about 200 com-
pounds, including PAH's, phenolic compounds, and
nitrogen-containing heterocyclic compounds
(Goerlitz, 1992; Goerlitz and others, 1985). Some-
time after 1950, PCP in a solvent of diesel fuel also
was used in the wood-preserving processes

(Goerlitz, 1992, p. 338; Chapelle, 1993, p. 367).
Diesel fuel contains soluble VOC's, including
BTEX's (Chapelle, 1993, table 12.1). At the
ACW site, contaminants from the wood-preserving
processes have migrated into the subsurface as a
non-aqueous phase liquid (NAPL) from onsite
sources, such as waste lagoons and treatment areas.
As the NAPL migrates, its composition and con-
stituent concentrations change.

Physical and chemical processes that affect the
NAPL as it migrates include: (1) partitioning of
water-soluble organic compounds from the NAPL
to ground water (Pereira and Rostad, 1986);
(2) microbial degradation and transformation of
creosote and related organic compounds (Baedecker
and Lindsay, 1986; Godsy and Goerlitz, 1986;
Ehrlich and others, 1982); (3) sorption of organic
compounds onto clay mineral surfaces (Goerlitz and
others, 1985); and, (4) dilution (Goerlitz, 1992).
As an end result of these processes, soluble organic
compounds have dissolved in ground water (aque-
ous phase) from the NAPL and have entered the
alluvial and the Fort Pillow aquifers.

The most complete set of organic analyses
available for interpretation of onsite ground-water
quality were obtained from stations 2 and 5 (fig. 8),
using HPLC and GC/PID methods of analysis in
conjunction with the evaluation of subsurface explo-
ration, sampling, and water-quality-analysis
methods conducted at the ACW site (Parks and
others, 1993). Four groups of organic compounds
detected in ground-water samples collected at onsite
stations 2 and 5 were: (1) PAH's, (2) phenolic
compounds (including PCP), (3) nitrogen-
containing heterocyclic compounds, and (4) VOC's,
primarily BTEX (benzene, toluene, ethylbenzene
and total xylenes) compounds (Parks and others,
1993). Although water-quality data were reported
previously in the RI/FS report (S&ME, Inc., 1988),
organic compound concentrations commonly were
reported as "estimated concentrations" or concentra-
tions "below high detection limits." These organic
compound concentration data are incomplete for
determination of the extent of ground-water con-
tamination and are not summarized herein. How-
ever, trace element concentrations in water samples
from wells were reported in the RI/FS (S&ME,
Inc., 1988), and these data were considered in
interpretations of onsite water quality.

18 Hydrogeology, Ground-Water Quality, and Potential for Water-Supply Contamination
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U.S. HIGHWAY 45 BYPASS

Sit* boundary

(Wall 3D)

N

(Wall 1S)

Base modified from S*ME. Inc.. 1988

200 FEET

100 METERS

EXPLANATION

•>• ONSITE STATION AND NUMBER—

2D

3 -wells at each station
WELL AND NUMBER—Individual

well at station
WELL AND NUMBER—Veils irith

numbers are cited in the text

re 8. Location of onsite stations and wells where water-quality data were collected for the Remedial Investiga-
'Feasibility Study and an evaluation of subsurface exploration, sampling, and water-quality-analysis methods,
itions from S&ME, Inc., 1988, and Parks and others, 1993.

The organic compounds that best indicate sub- .
ace contamination from the wood-preserving
:esses are PAH's, phenolic compounds includ-
PCP, and nitrogen-containing heterocyclic com-
nds (Goerlitz and others, 1985; Goerlitz. 1992).
se three groups of organic compounds were
sured in ground-water samples collected with
DPT Hydrocone tool at the ACW si te (Parks

and others, 1993). At station 5 (located nearest to
the highly contaminated area), maximum concentra-
tions of PAH's, phenolic compounds, and nitrogen-
containing heterocyclic compounds were measured
in ground-water samples from depths of 20 to
21 feet and 31 to 32 feet below land surface
(fig. 9). At station 2 (located near the confluence
of Central Creek and the South Fork Forked Deer

Ground-Water Quality 19



STATION 2

-
OL
ID
(/i
Q
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EXPLANATION
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Figure 9. Relation of concentrations of polynuclear aromatic hydrocarbons, phenols (including pentachlorophenol),
nitrogen-containing heterocyclic compounds, and volatile organic compounds in ground-water samples to depth of
detection at onsite stations 2 and 5 at the American Creosote Works abandoned plant site.
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'er), maximum PAH concentrations were meas-
'd in ground-water samples from depths of 22 to
feet and 27 to 28 feet below land surface
;. 9). Maximum phenolic and nitrogen-
itaining heterocyclic compound concentrations
re measured in ground-water samples from
newhat shallower depths of 16 to 17 feet and 22
23 feet at station 2 (fig. 9).
Five PAH compounds detected in ground-water
iples collected with the DPT Hydrocone tool
m the alluvial aquifer at stations 2 and 5 were:
izothiophene, indene, naphthalene, 2-methyl
•hthalene, and 1,2-dihydroacenaphthalene (Parks
I others, 1993). The maximum concentration
asured for each compound was 1,100 /xg/L
nzothiophene at station 5, 20-21 feet);
00 fig/L (indene at station 5, 20-21 feet);
00 /zg/L (naphthalene at station 2, 30-35 feet);
00 /ig/L (2-methyl naphthalene at station 5,
12 feet and at station 2, 30-35 feet); and

1 /zg/L (1,2-dihydroacenaphthalene at station 5,
32 feet) (Parks and others, 1993).
Naphthalene was the only PAH compound

acted onsite in ground-water samples collected
h the DPT Hydrocone tool or from wells
aened in the Fort Pillow aquifer. Naphthalene
icentratrons measured were 5 /ig/L at station 2
-65 feet), 2 /*g/L in a sample from well 2D at
ion 2 (116.5-126.5 feet), and 2 pg/L in a sample
m well 3D at station 3 (125.5-135.5 feet) (Parks
others, 1993). The naphthalene concentration

isured in the sample from well 3D at station 3
resents the deepest occurrence of a creosote con-
linant in ground-water samples collected onsite.
Naphthalene (classified both as a PAH and
C) may be used as a tracer of creosote contami-
ion for the following reasons. Naphthalene is a
nary PAH component of creosote (Goerlitz,
'2). Compared to other PAH's, naphthalene has
reater aqueous solubility, and can partition from
NAPL into ground water (Goerlitz and others,

'.6; Pereira and Rostad, 1986). Also, naphtha-
; may show only limited sorption to aquifer
erial, especially in sediments having low organic
tent (Goerlitz and others, 1986). Therefore,
hthalene can travel with or beyond the extent of
NAPL due to partitioning into ground water.
*ever, naphthalene will biodegrade in certain
ifer environments, thus reducing its concentra-
i in ground water (Chapelle, 1993).

The presence of phenolic compounds, specifi-
cally PCP, in onsite ground-water samples is signif-
icant because PCP is a priority pollutant and a
contaminant commonly associated with wood-
preserving processes (DaRos and others, 1981).
PCP was detected in ground-water samples col-
lected with the DPT Hydrocone tool from the
alluvial aquifer at onsite stations 2 and 5 (Parks and
others, 1993). PCP concentrations ranged from
120 to 3,200 /xg/L at station 5 with a maximum
concentration in a sample from 20 to 21 feet below
land surface. PCP concentrations ranged from 80
to 1,700 /*g/L at station 2 with the maximum con-
centration measured in a sample from 22 to 23 feet
below land surface. PCP was not detected in any
water sample from the Fort Pillow aquifer. Most
PCP concentrations measured in ground-water
samples from stations 2 and 5 exceed the primary
MCL of 200 ng/L for PCP (Tennessee Department
of Environment and Conservation, 1993).

PCP is considered a tracer of creosote contami-
nation in ground water. Studies suggest that PCP is
not readily sorbed to aquifer material (Goerlitz and
others, 1986), and seems to resist subsurface micro-
bial degradation or inhibit microbial degradation of
other phenols (Godsy and Goerlitz, 1986). Because
PCP resists degradation in the subsurface environ-
ment, it may serve as a conservative tracer of creo-
sote contamination (Goerlitz and others, 1986).

Concentrations of selected VOC's were meas-
ured using GC/PID headspace analysis in conjunc-
tion with the evaluation of subsurface exploration,
sampling, and water-quality-analysis methods at
onsite stations 2 and 5 (Parks and others, 1993).
Considering all onsite water samples, maximum
VOC concentrations were measured in water sam-
ples collected with the DPT Hydrocone tool from
the alluvial aquifer at station 5 (20-21 feet), and
downgradient station 2 (16-17 feet and 22-23 feet)
(fig. 9).

Of the selected VOC analytes, BTEX com-
pounds were detected at the highest concentrations,
and these concentrations were measured in water
samples from the alluvial aquifer at onsite stations 2
and 5 (fig. 9). Benzene concentrations exceeded
the primary MCL of 5 /ig/L (Tennessee Department
of Environment and Conservation, 1993) in seven
of the nine ground-water samples from stations 2
and 5. Benzene concentrations in these samples
ranged from 1 to 250 /zg/L (Parks and others,
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1993). No BTEX compounds were detected at
stations 2 and 5 below the ground-water DPT
Hydrocone tool sample depth of 30 to 31 feet
(Parks and others, 1993).

Other VOC's were detected in ground-water
samples collected onsite (Parks and others, 1993).
Trichloroethylene was detected in three ground-
water samples collected with the DPT Hydrocone
tool at onsite station 5, at concentrations of 23 jtg/L
(23-24 feet), and 6 fig/L (20-21 feet and 54-55 feet)
(Parks and others, 1993). These trichloroethylene
concentrations exceed the primary MCL of 5 /tg/L
(Tennessee Department of Environment and Con-
servation, 1993). Methylene chloride was detected
in a ground-water sample collected with the DPT
Hydrocone tool from the alluvial aquifer at a con-
centration of 64 /zg/L at station 2 (22-23 feet), and
in samples collected with the DPT Hydrocone tool
and from a well screened in the Fort Pillow aquifer,
at concentrations of 9 /zg/L at station 2 (64-65 feet)
and 150 jig/L in well 3D at station 3
(125.5-135.5 feet) (Parks and others, 1993). No
primary MCL has been established for methylene
chloride.

Dissolved trace elements were reported in some
water samples collected from onsite wells for the
RI/FS (S&ME, Inc., 1988). The trace elements
mostxommonly detected were iron, barium,
cadmium, chromium, copper, nickel, and lead. All
trace element concentrations were below primary
MCL's (Tennessee Department of Environment and
Conservation, 1993) with the exception of cadmium
(primary MCL 10 /ig/L), which was detected at a
concentration of 14 jig/L in a water sample from
well IS at station 1 (20.5-25.5 feet).

Concentrations of total dissolved chromium
indicate that this constituent may have reached
greater depths beneath the site than organic com-
pounds. Total dissolved chromium was measured
in water samples from shallow, intermediate, and
deep (less than 100 feet) wells at stations 1, 2, 3,
and 5 (S&ME, Inc., 1988) (fig. 10). Total dis-
solved chromium concentrations in samples from
deep wells ranged from 11 to 47 fig/L, similar to
the range measured in samples from the shallow
and intermediate wells (fig. 10). Concentrations of
total dissolved chromium measured in water sam-
ples from onsite wells do not exceed the primary
MCL of 50 \nglL (Tennessee Department of Envi-
ronnment and Conservation, 1993).

Chromated copper arsenate, fluor-chrome-
arsenate phenol, chromated zinc chloride, and acid
copper chromate are sometimes used in the wood-
preserving processes (DaRos and others, 1981).
However, the use of chromated compounds at the
ACW facility has not been documented.

The distribution of dissolved arsenic in ground
water beneath the site also may indicate ground-
water contamination from the wood-preserving
processes because arsenic was detected at a concen-
tration of 22,000 /ig/kg from well 12
(14.5-19.5 feet) screened in the NAPL (S&ME,
Inc., 1988). Dissolved arsenic was detected in
water samples from two wells screened in the allu-
vial aquifer (S&ME, Inc., 1988) at concentrations
of 12 /ig/L from well 11 (17.0-21.5 feet) and
31 /xg/L from well 18 (14.5-19.5 feet) (fig. 8). All
dissolved arsenic concentrations reported for water
samples from onsite wells are below the primary
MCL of 50 /ig/L (Tennessee Division of Environ-
ment and Conservation, 1993).

High concentrations of dissolved iron were
measured in some water samples from onsite wells
(S&ME, Inc., 1988); however, the presence and
distribution of dissolved iron cannot be related
specifically to creosote contamination (Baedecker
and Lindsay, 1986). Dissolved iron concentrations
ranged between 1,800 jig/L (well 1, 20.5-25.5 feet)
to 2,400,000 jig/L (well 18, 14.5-19.5 feet). High
concentrations of dissolved iron in these water
samples from wells screened in the alluvial aquifer
may have resulted from microbial activity or reduc-
ing conditions that led to reduction of ferric (Fe3"1")
iron precipitates to dissolved ferrous (Fe2"1") iron in
ground water (Chapelle, 1993).

Offsite Water Quality

Thirty-six monitoring wells were installed at
offsite stations OSGW1 through OSGW6 near the
ACW site for this investigation (fig. 11; Appen-
dix 2). At each station, well clusters were
installed, each cluster consisting of 3 wells screened
in the alluvial aquifer at depths of less than about
40 feet below land surface, and three wells screened
in the Fort Pillow aquifer at depths ranging from
about 45 to 150 feet (table 5).
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STATION 1 STATION 2

SHALLOW
'.5-25.5 feet

iKJTrDumi ATP

.5-59.5 feet

DEEP
3-122.0 feet

C
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.5-13.5 feet

IN 1 tKMLUIAI t
.5-37.5 feet
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STATION 5

ALL TRACE ELEMENT CONCENTRATIONS
BELOW DETECTION

11 tin
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CONCENTRATIONS, IN MICROGRAMS PER LITER

100 150

EXPLANATION

| BARIUM |§ COPPER

^ CADMIUM n LEAD

ffj CHROMIUM M NICKEL

re 10. Concentrations of selected trace elements measured m water samples from wells screened at shallow,

•mediate, and deep depths at onsite stations 1, 2, 3, and 5 at the American Creosote Works abandoned plant

Ground-water samples were collected at the six
ite stations using two methods: (1) samples
n the alluvial aquifer were collected using the
T Hydrocone tool (July 29 to August 3, 1992)
(2) by pumping shallow wells installed at each
ite station (October 22 to November 23, 1992).
Irocone-tool sampling depths were selected at
tops or bottoms of sand intervals, as interpreted
n the logs of point-stress data measured with the
f piezocone tool at each station (fig. 12). Com-
:r interpolations of lithology from the point-
ss logs also were used as the primary guide to
ction of screen intervals for shallow wells in the
ite clusters. Water samples from the Fort Pil-
aquifer were collected only by pumping the

e deep wells installed at each offsite station

(October 29 to November 23, 1992). The DPT
piezocone and Hydrocone tools could not penetrate
into the Fort Pillow aquifer to collect lithologic
information (Parks and others, 1993), so screen
intervals for deep wells in offsite clusters were
selected from interpretation of geophysical logs
made in stratigraphic test holes at each station.

To determine the magnitude of offsite contami-
nation, ground-water samples were analyzed for the
same four groups of organic compounds that were
detected in onsite ground-water sampIes-PAH's,
phenolic compounds (including PCP), nitrogen-
containing heterocyclic compounds, and VOC's. In
addition, trace elements and major inorganic con-
stituents, and water-quality characteristics were
measured in offsite ground-water samples.
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and

sampled at each station

Figure 11. Location of offsite stations OSGW1 through OSGW6 where ground-water samples were collected with
the Direct Push Technology Hydrocone tool.

Ground-water samples collected using the DPT
Hydrocone tool were analyzed for PAH's, phenolic
compounds (including PCP), and nitrogen-
containing heterocyclic compounds by HPLC
(table 6). The HPLC analyses were performed
(August 10-11, 1992) by D.F. Goerlitz at the USGS
National Research Program (NRP) laboratory in
Menlo Park, California, following methods devel-
oped at a similar site at Pensacola, Florida (Goerlitz
and Franks, 1989).

Only 3 of the 34 offsite ground-water samples
collected by the DPT Hydrocone tool showed
detectable levels of organic compounds related
specifically to wood-preserving processes
(D.F. Goerlitz, U.S. Geological Survey, written
commun., 1992). Naphthalene was measured in a

ground-water sample from station OSGW6
(17-18 feet) at a concentration of 20 /zg/L.
Naphthalene also was measured in two ground-
water samples from station OSGW6 (21-22 feet and
23-24 feet) at concentrations of 10 ng/L. All other
ground-water samples were free of organic com-
pounds normally found in ground water contami-
nated by creosote and PCP (D.F. Goerlitz, U.S.
Geological Survey, written commun., 1992).

Splits of 34 offsite ground-water samples col-
lected with the DPT Hydrocone tool were analyzed
in the field by Environmental Management Corpo-
ration personnel by headspace analysis and GC/PID
(July 29-August 3, 1992). Selected VOC's
(table 7) from modified USEPA Methods 601, halo-
carbons (U.S. Environmental Protection Agency,
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ile 5. Description of 36 wells installed at offsite stations OSGW1 through OSGW6 near the American Creosote
rks abandoned plant site

jS, U.S. Geological Survey]

Wall
eject
and
•nip

jWl-1
3W1-2
3W1-3
3W1-4
3W1-5
3W1-6

3W2-1
3W2-2
3W2-3
3W2^4
3W2-5
3W2-6

3W3-1
3W3-2
3W3-3
3W3-4
3W3-5
3W3-6

3W4-1
3W4-2
3W4-3
3W4-4
3W4-5
3W4-6

3W5-1
3W5-2
3W5-3
3W5-4
3W5-5
3W5-6

3W6-1
3W6-2
3W6-3
3W6-4
3W6-5
3W6-6

numbers
Local USGS

for
Tenneoaee

Md:G-367
Md:G-368
Md:G-369
Md:G-370
Md:G-371
Md:G-372

Md:G-373
Md:G-374
Md:G-375
Md:G-376
Md:G-377
Md:G-378

Md:G-379
Md:G-380

,Md:G-381
~Md:G-382

Md:G-383
Md:G-384

Md:G-385
Md:G-386
Md:G-387
Md:G-388
Md:G-389
Md:G-390

Md:G-391
Md:G-392
Md:G-393
Md:G-394
Md:G-395
Md:G-396

Md:G-397
Md:G-398
Md:G-399
Md:G-400
Md:G-401
Md:G-402

1
Latitude Longitude.

in degree*, minute*.
and

353628
353628
353628
353628
353628
353628

353627
353627
353627
353627
353627
353627

353627
353627
353627
353627
353627
353627

353632
353632
353632
353632
353632
353632

353637
353637
353637
353637
353637
353637

353639
353639
353639
353639
353639
353639

aaconds

0885005
0885005
0885005
0885005
0885005
0885005

0885011
0885011
0885011
0885011
0885011
0885011

0885016
0885016
0885016
0885016
0885016
0885016

0885021
0885021
0895021
0895021
0885021
0885021

0885022
0885022
0885022
0885022
0885022
0885022

0885023
0885023
0885023
0885023
0885023
0885023

Altitude of
•nd aurfaca
above aaa

level.
in f«»t

343
343
343
343
343
343

342
342
342
342
342
342

341
341
341
341
341
341

343
343
343
343
343
343

342
342
342
342
342
342

342
342
342
342
342
342

Hydrogaologic
unit

screened

Alluvial aquifer
Alluvial aquifer
Alluvium aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Alluvial aquifer
Alluvial aquifer
Alluvial aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Alluvial aquifer
Alluvial aquifer
Alluvial aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Alluvial aquifer
Alluvial aquifer
Alluvial aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Alluvial aquifer
Alluvial aquifer
Alluvial aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Alluvial aquifer
Alluvial aquifer
Alluvial aquifer
Fort Pillow aquifer
Fort Pillow aquifer
Fort Pillow aquifer

Screened
interval

below land
aurfaca.
in

13
19
27
42
92

128

10
17
24
62
92

127

9
15
24
36
68

138

10
22
36
48
79

117

12
19
27
40
83

113

10
19
27
50
82

120

feat

- 18
- 24
- 32
- 52
- 102
- 138

- 15
- 22
- 29
- 72
- 102
- 137

- 14
- 20
- 29
- 46
- 78
- 148

- 15
- 27
- 41
- 58
- 89
- 127

- 17
- 24
- 32
- 50
- 93
- 123

- 15
- 24
- 32
- 60
- 92
- 130

Screen
diameter.
in inchee

2
2
2
4
4
4

2

2
2
4
4
4

2
2
2
4
4
4

2

2
2
4
4
4

2
2
2
4
4
4

2
2
2
4
4
4

Installation
method

Date A • auger
well H • Hydraulic

installed

08-18-92
08-18-92
08-19-92
06-25-92
06-30-92
06-30-92

08-20-92
08-20-92
08-20-92
06-02-92
06-04-92
06-09-92

08-24-92
08-24-92
08-24-92
06-23-92
06-24-92
08-06-92

08-27-92
08-27-92
08-27-92
07-29-92
07-30-92
08-04-92

08-26-92
08-26-92
08-26-92
07-14-92
07-14-92
07-28-92

08-25-92
08-25-92
08-25-92
07-07-92
07-08-92
07-08-92

rotary

A
A
A
H
H
H

A
A
A
H
H
H

A
A
A
H
H
H

A
A
A
H
H
H

A
A
A
H
H
H

A
A
A
H
H
H
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POINT STRESS. IN KILOGRAMS PER SQUARE CENTIMETER
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Figure 12. Logs of point-stress data measured with the Direct Push Technology piezocone tool and depths of
ground-water samples collected with the Hydrocone tool at offsite stations OSGW1 through OSGW6 at the American
Creosote Works abandoned plant site.
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fir

la 6. Polynuclear aromatic hydrocarbons, phenolic
ipounds (including pentachlorophenol), and nitrogen-
taining heterocyclic compounds analyzed in ground-
er samples collected with the Direct Push Techno-
' Hydrocone tool at off site stations OSGW1 through
3W6 near the American Creosote abandoned plant

jmum detection limit, in microgrami per liter, in pircntheici]

nuclear iron ric
•ocarboos

zothiophene (1)
• n e ( l )
hthalcnc(l)
Dihydroaccnaphlhalcnc (1)
ethylnsphlhalcnc (1)

Nhrogen-cnnttining

beterocycbc compounds

Isoquinoline (2)
Isoquinolinone (2)
Quinolinc (2)
Quinolinonc (2)
2-MethyIquinoline (5)

FVnolic compounds

Dimethlyphcnol (5)
Dimcthylphcnol (5)
Dimcthylphcnol (5)
Dimcthylphcnol (5)
Dimcthylphcnol (5)

3,5-Dimelhylphenol (5)
2-Methylphenol (5)
3-Mcthylphenol (5)
Pcntachlorophenol (5)
Phenol(5)

la 7'. Volatile organic compounds analyzed in
jnd-walfcr samples collected with the Direct Push
hnology Hydrocone tool at offsite stations OSGW1
iugh OSGW6 near the American Creosote Works
ndoned plant site

Minimum detection limit 1 mkrogram per liter

tene
irobenzenc
'Ibenzenc
hyl-tert-butyl ether

Toluene
m-Xylene
o-Xylenc

Minimum detection omit 5 micrognunj per liter

>roform
iloroelhyl vinyl ether
;-l ,2-Dichloroethylene
Dichlorocthanc
Dichloro ethane
Dichloropropanc
hylenc chloride

1,1,2,2-Tetrachloroethane
Telrachlorocthylenc
1,1,1 -Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene
Vinyl chloride

4a), and 602, aromatics (U.S. Environmental
tection Agency, 1984b) are reported here. For
iparison, VOC's measured in ground-water

samples using GC/PID from onsite stations 2 and 5
were: BTEX's, methyl-tert-butyl ether,
1,1-dichloroethane, methylene chloride, and trichlo-
roethylene (Parks and others, 1993).

BTEX compounds, except benzene, were the
most common VOC's measured in offsite water
samples collected from the alluvial aquifer with the
DPT Hydrocone tool (table 8). The most common
BTEX compound was xylene (including both
m-xylene and o-xylene), which was detected in
some ground-water samples from all offsite sta-
tions. Xylene concentrations ranged between
2 /ig/L (many samples; table 8) and 790 ngfL (one
sample; station OSGW6, 11-12 feet). For compari-
son, xylene concentrations in ground-water samples
from onsite stations 2 and 5 ranged between 9 and
1,300 /xg/L in alluvial aquifer samples collected
above 35 feet (Parks and others, 1993). Where
detected, concentrations of ethylbenzene ranged
between 2 and 10 pgfL (table 8). For comparison,
ethylbenzene concentrations in ground-water sam-
ples from onsite stations 2 and 5 ranged between 2
and 1,900 /ig/L in alluvial aquifer samples collected
above 35 feet (Parks and others, 1993).

Benzene was measured in onsite ground-water
samples from stations 5 and 2 at concentrations
exceeding the primary MCL of 5 ^g/L (Tennessee
Department of Environment and Conservation,
1993), but was not detected in any offsite ground-
water sample collected with the DPT Hydrocone
tool. Toluene was detected only in offsite ground-
water samples from station OSGW6, at concentra-
tions ranging between 2 and 5 /xg/L (table 8).

VOC's and SVC's also were measured in offsite
water samples collected from the alluvial aquifer
and Fort Pillow aquifers by pumping the 36 wells at
stations OSGW1 through OSGW6 (Appendix 1).
These samples were analyzed for a selected list of
VOC's and SVC's (table 9), by the USGS National
Water Quality Laboratory (NWQL). VOC concen-
trations in water samples pumped from wells at
offsite stations OSGW1 through OSGW6 are dis-
cussed here; SVC concentrations from these same
samples are discussed later in the text.

BTEX compounds were the principal VOC's
detected in samples pumped from offsite wells
screened in the alluvial aquifer, and analyzed by the
NWQL. Where detected, BTEX sum concentra-
tions ranged between 0.2 and 4.6 /xg/L, with high-
est BTEX sum concentrations reported for water
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Table 8. Concentrations of volatile organic compounds detected in ground-water samples collected with the Direct
Push Technology Hydrocone tool at offsite stations OSGW1 through OSGW6 near the American Creosote Works
abandoned plant site, July-August 1992

[Analyiei conducted by Environment*! Management Corp., Orlando, Florida, uiing i Photovac 10S50 gii chromatogrmph with pholo-ionizalion
detection (GC/PID). Concentration* ire in microgrami per liter (/ig/L); (TDEQ Tenneuee Department of Environmenl and Conservation. 1993,
(MCL) primary maximum contaminant levels for drinking water; "none" indicilei no eiubliihed maximum contaminant level for the compound)

Volatile Analytical method
organic minimum detection

compound limit
(yg/U

Ethylbcnzene 1

Toluene 1

m-Xylenc 1

o-Xylcne 1

Offeite
•tation
number

OSGW1
OSGW1

OSGW2

OSGW4
OSGW4

OSGW5

OSGW6
OSGW6

OSGW6
OSGW6
OSGW6

OSGW1

OSGW3

OSGW4
OSGW4

OSGW5
OSGW5

OSGW6
OSGW6
OSGW6
OSGW6

OSGW1
OSGW1

OSGW2
OSGW2
OSGW2

OSGW3

OSGW4
OSGW4

OSGW5
OSGW5
OSGW5

OSGW6
OSGW6
OSGW6

Depth of
Hydrocone

• ample
lf««t|

27
305

21

14
40

19

17
26

11
14
26

29

13.5

14
22

16
31

11
23
26
30

27
29

14
21
23

10

29
35

16
19
31

17
23
26

- 28
- 31.5

- 22

- 15
- 41

- 20

- 18
- 27

- 12
- 15
- 27

- 30

- 14.5

- 15
- 23

- 17
- 32

- 12
- 24
- 27
- 31

- 28
- 30

- 15
- 22
- 24

- 11

- 30
- 36

- 17
- 20
- 32

- 18
- 24
- 27

Concentration TDEC
detected MCL

0/g/LI (pg/LI

2 none
i

2

10
3

2

6
7

2 none
3
5

4 none

3

3
3

3
9

790
2

10
14

28 none
3

i
4.

2
2

2

2
12

5
3

15

2
2

15
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ile 9. Volatile and semi-volatile organic compounds analyzed in water samples collected by pumping 36 wells at
;ite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant site

Volatile organic compounds

limum detection limit, in micrognnu per liter, in p«rtnihetej|

olein (20)
ylonitrile (20)
zene (0.2)
mobenzene (0.2)
mochloromcthanc (0.2)
moform (0.2)
Jtylbcnzene (0.2)
Butylbcnzene (0.2)
Butylbcnzene (0.2)
Don tetrachloride (0.2)
jrobenzene (0.2)
)rodibromomethane (0.2)
iroethane (0.2)
ilorocthyl vinyl ether (1.0)
>roform (0.2)
jromethane (0.2)
ilorotolucnc (0.2)
ilorotoluene (0.2)
Dibromo-3-chloropropane (1.0)
•omornethane (0.2)
Dibromoethanc (0.2)

l,2-Dichlorobenzene(ortho) (0.2)
1.3-Dichlorobenzcne(mela) (0.2)
1,4-Dichlorobcnzene (para) (0.2)
Dibromochloromethane (0.2)
Dichlorodifluoromethane (0.2)
l.l-Dichloroethane(0.2)
1,2-Dichloroethane (0.2)
cis-l,2-Dichloroethcne (0.2)
l.l-Dichlorocthene(0.2)
trans-1,2-Dichloroethylene (0.2)
1,2-Dichloropropane (0.2)
1,3-Dichloropropane (0.2)
2.2-Dichloropropane (0.2)
1.1 -Dichloropropenc (0 2)
cis-1.3-Dichloropropene (0.2)
trans-1,3-Dichloropropene (0.2)
Ethylbcnzene (0.2)
Hexachlorobutadiene (0.2)
Isopropylbcnzenc (0.2)
p-Isopropyltoluene (0.2)
Methylbromide (0.2)

Semi-ToUUIe organic compounds

imum detection limit, in micrognms per liter, in parentheses)

naphthenc (5)
laphthylene (5)
iracenc (5)
cidine (40)
Benzo(a)anthraccne (10)
co(b)fluoramhenc (10)
'-oQOfluoranthene(lO)
Bcnzo(g,h,i)perylcnc (10)
'.o(a)pyrene (10)
omophenyl phenyl ether (5)
1 benzyl phthalate (5)
2-Chloroethyl)ether (5)
2-Chlorocthyl)melhane (5)
2-Chloroisopropyl)ether (5)
iloro-3-mcthylphenol (30)
iloronaphthalenc (5)
ilorophenol (5)
ilorophenyl phenyl ether (5)
'scne (10)

Dibcnzo(a,h)anthracene (10)
Di-n-butyl phihalatc (5)
1,2-Dichlorobenzene (5)
1,3-Dichlorobenzenc (5)
1,4-Dichlorobenzene (5)
3,3-Dichlorobenzidene (20)
2,4-Dichlorophenol (5)
Diethyl phlhalate (5)
2,4-Dimcthylphcnol (5)
Dimethyl phthalate (5)
4.6-Dinitro-2-methylphenol (30)
2,4-Dinitrophcnol (20)
2,4-Dinitrotoluene (5)
2,6-Dinitrotoluene (5)
Di-n-octyl phthalate (10)
1,2-Diphcnylhydrazine (5)
bis(2-Ethylhexyl)phthalate (5)
Fluoranthene (5)
Fluorenc (5)

Methylene chloride (0.2)
Methyl-tert-butyl ether (1)
Naphthalene (0.2)
n-Propylbenzene (0.2)
Styrenc (0.2)
1,1.1,2-Tetrachloroethane (0.2)
1,1,2,2-TetrachIoroclhane (0.2)
Tetrachlorocthylene (0.2)
Toluene (0.2)
1,2.3-Trichlorobenzene (0.2)
1,2,4-Trichlorobenzenc (0.2)
1,1,1-Trichloroethanc (0.2)
1,1,2-Trichloroethane (0.2)
Trichlorocthylene (0.2)
Trichlorofluoromethane (0.2)
Trichlorotririuorocthane (0.5)
1,2,3-Trichloropropane (0.2)
1,2,4-Trimethylbenzcne (0.2)
1,3,5-Trimethylbenzene (0.2)
Vinyl chloride (0.2)
Xylcnes (total) (0.2)

Hexachlorobenzcne (5)
Hexachlorobutadiene (5)
Hexachlorocyclopenladiene (5)
Hexachloroethanc (5)
Indeno (1,2.3) pyrene (10)
(sophorone (5)
Naphthalene (5)
Nitrobenzene (5)
2-Nitrophenol (5)
4-Nitrophcnol (30)
n-Nitrosodimethylamine (5)
n-Nitrosodiphenylamine (5)
n-Nitroso-di-n-propylamine (5)
Pentachlorophenol (30)
Phenanthrene (5)
Phenol(5)
Pyrene (5)
1,2,4-Trichlorobenzcne (5)
2,4,6-Trichlorophenol (20)
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samples from well OSGW6-1 (table 10). Benzene
was measured at concentrations ranging between
0.2 and 0.4 jig/L where detected in water samples
from the alluvial aquifer. Toluene was detected in
ground-water samples collected offsite, but these
low concentrations may be the result of a quality
assurance/quality control (QA/QC) problem
(Appendix 1). Water samples from 8 of the 24
wells suspected as being affected by a QA/QC
problem were resampled in January 1993 and ana-
lyzed for VOC's. Neglecting the analyses that
might have been affected by a QA/QC problem, .
toluene was detected in samples from three wells
(OSGW4-1, OSGW4-5, and OSGW6-2) at concen-
trations of 0.2 to 0.3 /ig/L (table 10, second sam-
ple). Ethylbenzene was detected in two ground-
water samples at concentrations of 0.2 figfL
(OSGW6-1) and 0.3 Mg/L (OSGW6-3). Xylene
concentrations ranged between <0.2 and 1.6 /zg/L
where detected. Highest xylene concentrations
were measured in water samples from wells
OSGW6-1, OSGW6-2, and OSGW6-3 (table 10).

BTEX concentrations measured in water sam-
ples collected with the DPT Hydrocone tool from
the alluvial aquifer generally are 10 times greater
than BTEX concentrations measured in water sam-
ples pumped from wells screened in this aquifer.
One reason for this disparity is that the interval
sampTed by DPT was 1 foot, while the screened
interval for wells in alluvial aquifer was 5 feet.
VOC concentrations may be diluted in samples
from pumped offsite wells because of the greater
vertical interval sampled, and the heterogeneous
distribution of contaminants in the aquifer.
Although precautions against VOC loss were per-
formed and the ground-water samples were chilled
before express transport (Appendix 1), it is pos-
sible that VOC concentrations could diminish by
volatilization during sample collection and trans-
port.

Individual BTEX compounds in water samples
collected from the alluvial aquifer with the DPT
Hydrocone tool were measured at concentrations
commonly ranging between 2 and 28 jig/L
(table 8). Individual BTEX compounds in water
samples collected from the 18 wells screened in the
alluvial aquifer were measured at concentrations
less than 2.1 /zg/L (table 10). Considering the
spatial distribution of BTEX compounds, at least
one BTEX compound was detected in water sam-

ples collected with the DPT Hydrocone tool at each
offsite station (table 8). In contrast, BTEX com-
pounds were not detected in water samples collected
from wells at stations OSGW1, OSGW2, and
OSGW3 (table 10). Therefore, a greater number of
BTEX compounds were detected at higher concen-
trations in offsite water samples from the alluvial
aquifer collected with the DPT Hydrocone tool.
However, results from both sample collection
methods indicate that BTEX compounds (primarily
xylenes) were detected in water samples from the
alluvial aquifer at depths less than about 35 feet,
with highest BTEX concentrations measured in
water samples from offsite stations OSGW5 and
OSGW6 (table 10).

Minor differences between the first and second
sample concentrations of benzene and xyfene are
reported for water samples from wells at stations
OSGW5 and OSGW6 (table 10). Benzene and
xylene concentrations were usually (but not always)
lower in the second water sample, by 0.7 /*g/L or
less. These differences in concentrations between
the first and second samples may be the result of
the 2-month period between sample collection, or
different lengths of time the wells were purged
before sampling. Benzene and xylene were not
detected in blanks, so these differences are not
attributed to a QA/QC problem.

BTEX concentrations are significantly lower in
ground-water samples collected from offsite stations
than those collected onsite, regardless of the sample
collection method used. In water samples collected
with the DPT Hydrocone tool in.the alluvial aquifer
at onsite stations 2 and 5, ethylbenzene was
detected at the highest concentrations, ranging
between 2 and 1,900 /tg/L (fig. 9). Similar ranges
in benzene, toluene, and xylene concentrations also
were measured in these samples (Parks and others,
1993).

Considering ground-water samples from all
offsite stations, xylene was the BTEX compound
detected at the highest concentrations. Xylene
concentrations ranged between 0.2 and 790 /xg/L in
water samples collected with the DPT Hydrocone
tool (table 8); and ranged between <0.2 and
0.3 /ig/L in pumped water, samples (table 10).
Where detected, ethylbenzene and toluene ranged
between 2 and 10 jig/L in water samples collected
with the DPT Hydrocone tool (table 8); and <0.2
and 0.3 /-ig/L in pumped water samples (table 10).
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le 10. Concentrations of volatile and semi-volatile organic compounds detected in water samples collected by
iping 36 wells at offsite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant
October 1992-January 1993

;cnlrationj ire in micrograms per liter (ftg/L); (TDECT Tennessee Department of Environment ind Conservation, 1993, (MCL) primary
mum contaminant level for drinking water; values given as < (less than) indicate that the concentration was below the level of detection for the
tical method uaed and do not indicate the presence or absence of a compound; "none* indicates no established maximum contaminant level for
impound; — indicate! no second sample collected]

Analytical
method

Synthetic organic minimum Well* in which
compound detection limit detected

Volatile organic compounds

enc . 0.2 OSGW4-3 (Md:G-387)

OSGW5-3 (Md:G-393)

OSGW6-1 (Md:G-397)

OSGW6-3 (Md:G-399)
OSGW6-5 (Md:G-401)

OSGW6-6 (Md:G-402)

Concentration
detected

First fample Second (ample

0 4

.2 <0.2

.4

.4

.2

.2 < 2

TDEC
MCL

5

lodichloromethane

loform

reform
* -*

>mochloromethane

Jichlorobenzene

,2-Dichlorocthylene

benzene

thalcne

.2 OSGW5-4 (Md:G-394)

.2 • OSGW5-4 (Md:G-394)

.2 OSGW1-5 (Md:G-371)

OSGW5-4 (Md'G-394)

.2 OSGW5-4 (Md.G-394)

.2 OSGW2-1 (Md:G-373)

.2 OSGW6-1 (Md:G-397)

.2 OSGW6-1 (Md.G-397)
OSGW6-3 (Md:G-399)

.2 OSGW4-1 (Md:G-385)
OSGW4-2 (Md.G-386)

.2 OSGW4-1. (Md:G-385)
OSGW4-5 (Md:G-389)
OSGW6-2 (Md:G-398)

7

.6

1

-1

.3

.6
3.0

n

2

2.1

none

none
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Table 10. Concentrations of volatile and semi-volatile organic compounds detected in water samples collected by
pumping 36 wells at offsite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant
site, October 1992-Januarv 1993--Continued

Synthetic organic
compound

Trichlorocthylene

1 ,2,4-Trimethylbenzene

Total Xylenes

.;
bis(2-Ethylhexyl)phthalate

Butyl benzyl phlhalate

Analytic*!
method

minimum Wall* in which
detection limit detected

Volatile organic compounds— Continued

.2 OSGW6-1 (Md:G-397)
OSGW6-2 (Md:G-398)
OSGW6-3 (Md:G-399)

• .2 OSGW6-1 (Md:G-397)

OSGW6-2 (Md:G-398)

OSGW6-3 (Md:G-399)
OSGW6-5 (Md:G-401)

OSGW6-6 (Md:G-402)

.2 OSGW4-6 (Md:G-390)

OSGW5-5 (Md:G-395)

OSGW6-1 (Md:G-397)
OSGW6-2 (Md:G-398)
OSGW6-3 (Md:G-399)

OSGW6-5 (Md:G-401)

OSGW6-6 (Md:G-402)

Semi-volatile organic compounds

5 OSGW1-5 (Md:G-371)
OSGW1-6 (Md:G-372)

OSGW2-5 (Md:G-377)

OSGW3-6 (Md:G-384)

OSGW4-6 (Md:G-390)

OSGW5-4 (Md:G-394)

OSGW6-5 (Md:G-401)

OSGW6-2 (Md:G-398)

Concentration
detected

Firet eample Second cample

1.6
.90 .2

.20

.3

< .2 .2

.4

.2

.2 < .2

7

.2

1.0
< .2 .4

1.6

.9

.7 < .2

9
27

9 —

25

8

15

13

9 —

TDEC
MCI

5

none

none

6

32 Hydrogeology. Ground-Water Quality, and Potantial for Water-Supply Contamination
near an Abandoned Wood-Pretarving Plant Site at Jackion, Tann*****



nzene was not detected in any offsite water sam-
; collected with the DPT Hydrocone tool
ble 8); however, benzene concentrations ranged
tween <0.2 and 0.4 /xg/L in the first samples
im pumped wells screened in the alluvial aquifer
ble 10).
A conservative estimate shows that BTEX con-

ttrations in water samples from the alluvial aqui-
have been reduced significantly. Xylene con-

urations have been reduced by at least 50 percent
this compound has migrated with ground water
vard the offsite stations.
BTEX compounds were not detected in any

ter sample collected from the Fort Pillow aquifer
onsite stations 2 and 5 (Parks and others, 1993).
'EX compounds were detected in water samples
m several of the 18 wells screened in the Fort
low aquifer at the offsite stations. These water
nples were collected from pumped wells, because
; DPT Hydrocone tool could not penetrate into

Fort Pillow aquifer. Benzene was measured in
nples from wells OSGW6-5 (82-92 feet) and
:GW6-€ (120-130 feet) at a concentration of
! >*g/L (table 10). Xylenes also were measured
these samples at concentrations of 0.9 and
' ng/L, respectively (table 10).
Trihalomethanes (bromodichloromethane,

Tomochloromethane, bromoform, and chloro-
m) were detected in one water sample from well
GW5-4 (40-50 feet) pumped from the Fort Pil-

v- aquifer at concentrations ranging between 0.2
1 0.7 jig/L (table 10). The presence of trihalo-
thanes in a water sample from the Fort Pillow
lifer is problematic because trihalomethanes are
. by-products of the wood-preserving processes,
1 no trihaJomethanes were detected in water sam-
s from onsite wells. The sum of trihalomethane
icentrations (including bromoform, chloroform,
imodichloromethane, dibromochloromethane) in
ample from well OSGW5-4 is 1.5 /xg/L, which is
ow the primary MCL of 100 /ig/L for this class
compounds (U.S. Environmental Protection
ency, 1992).
SVC's in water samples collected offsite from
36 wells at the six stations were analyzed by the

/QL (table 9). The list of analytes includes
H's and phenolic compounds including PCP that
jacterize creosote contamination. However, this
does not contain many of the phenolic and

x>gen-containing heterocyclic compounds ana-

lyzed by HPLC (Parks and others, 1993) (table 6).
Some HPLC analytes (such as substituted
naphthalenes, methyl phenols, and quinoline) are
alteration products specific to creosote contamina-
tion (Goerlitz and others, 1985); however, these
compounds are not routine SVC analytes by the
NWQL (table 9).

SVC's, PAH's, phenolic compounds, and
phthalic acid esters that were detected onsite in
ground-water samples at stations 2 and 5 (Parks and
others, 1993) or from shallow monitoring wells
(S&ME, Inc., 1988) were: acenaphthene, acenap-
hthylene, anthracene, 1,2-benzo(a)anthracene,
benzo(b and/or k)fluoranthene, benzo(a)pyrene,
bis(2-ethylhexyl)phthalate, chrysene, fluoranthene,
fluorene, naphthalene, PCP, phenanthrene, phenol,
2,4-dimethylphenol, and pyrene. SVC's analyzed
for (but not necessarily detected; S&ME, Inc.,
1988) in onsite ground-water samples, but not
included on the NWQL list of analytes were:
biphenyl, dibenzofuran, dibenzothionate, substituted
naphthalenes (1-methylnaphthalene, 2-methylnaph-
thalene, dimethylnaphthalene, trimethylnaphthalene,
phenylnaphthalene), methylphenanthrene, methyl-
pyrene, and naphthenecarbonitrile.

PAH's represent 85 percent of the compounds in
creosote by weight (Goerlitz and others, 1985). As
a group, these compounds show slight aqueous
solubility, and tend to partition to non-aqueous
phases. Of the PAH's considered here, naphthalene
has the highest aqueous solubility at a concentration
of 30 milligrams per liter (mg/L) (Goerlitz, 1992),
compared to anthracene and phenanthrene, which
have a greater molecular weight and lower aqueous
solubility. Despite the common presence of PAH's
in onsite ground-water samples, no PAH's were
detected in water samples from wells at the offsite
stations when analyzed for SVC's (table 10). How-
ever, when ground-water samples were analyzed for
naphthalene as a VOC by the NWQL, it was
detected in samples from offsite wells OSGW4-1
(10-15 feet) and OSGW4-2 (22-27 feet), screened in
the alluvial aquifer, at concentrations of 0.6 and
3.0 /xg/L, respectively (table 10).

Several environmental factors probably contrib-
uted to the attenuation of PAH concentrations as
ground water migrated from onsite to offsite areas.
These factors are microbial degradation (Goerlitz
and others, 1985; Madsen and others, 1991), and
sorption onto clay-mineral surfaces.
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Phenolic compounds as a group show greater
aqueous solubility than PAH's, with the exception
of PCP. The aqueous solubility of dimethyl
phenols (4,000 mg/L) and phenols (80,000 mg/L;
Goerlitz, 1992) suggests that these compounds may
partition from the NAPL into ground water. In
contrast, experimental calculations suggest that PCP
has an aqueous solubility of 5 to 10 mg/L at a pH
range of 5 to 6 (Goerlitz and others, 1985), similar
to the pH range measured in offsite ground-water
samples. Compared to other phenols, PCP would
tend to remain in the NAPL.

Phenols and methylphenols were shown to be
degraded by microbes at the Pensacola, Florida
ACW abandoned plant site (Goerlitz and others,
1986; Goerlitz, 1992). Dimethylphenols and PCP
resist or possibly inhibit biodegradation (Chapelle,
1993). Of all phenolic compounds analyzed for
(table 6), dimethyl phenols (for example
2,4-dimelhylphenol and 3,5-dimethylphenol) would
be expected to travel with ground water because of
their relatively high aqueous solubilities and resis-
tance to biodegradation. However, no dimethyl-
phenols or PCP were detected in water samples
from wells at the offsite stations.

Nitrogen-containing heterocyclic compounds
such as quinoline represent approximately 5 percent
of the compounds in creosote by weight (Goerlitz
and others, 1985). These compounds are readily
altered in both aerobic and anaerobic conditions.
Consequently, nitrogen-containing heterocyclic
compounds commonly are not detected in ground-
water samples except by immediate analysis or in
samples preserved with mercuric chloride bacteri-
cide (Godsy and Goerlitz, 1986; Goerlitz, 1992).
No nitrogen-containing heterocyclic compounds
were detected in water samples from wells at offsite
stations (D.F. Goerlitz, U.S. Geological Survey,
written commun., 1992), which were preserved
with mercuric chloride and analyzed immediately
on receipt at the NRP laboratory.

Two other SVC's were detected in offsite
ground-water samples: bis(2-ethylhexyl)phthalate
and butyl benzyl phthalate. Both compounds are
used as plasticizers in PVC resins, with bis(2-
ethylhexyl)phthalate used most commonly (U.S.
Environmental Protection Agency, 1990). Bis(2-
eihylhexyl)phthalate was measured in some water
samples from offsite wells screened in the Fort
Pillow aquifer, at concentrations ranging between 8

and 27 /ig/L (table 10). These plasticizers are not
associated specifically with wood-preserving pro-
cesses, and are considered ubiquitous in the envi-
ronment (U.S. Environmental Protection Agency,
1990). Currently, MCL's have not been estab-
lished for phthalates, although a MCL of 100 /tg/L
has been proposed for butyl benzyl phthalate (U.S.
Environmental Protection Agency, 1990). All
phthalate concentrations measured in offsite ground-
water samples were below this proposed MCL.

Dissolved trace elements were measured in
samples from the 36 wells at the offsite stations
(table 11). Barium, cobalt, iron, manganese,
nickel, strontium, and zinc commonly were
detected; however, concentrations of these trace
elements were below established primary MCL's
(Tennessee Division of Environment and Conserva-
tion, 1993) in all water samples from offsite wells.
For comparison, the dissolved trace elements that
commonly were detected in onsite ground-water
samples were barium, cadmium, chromium, cop-
per, iron, lead, and nickel (S&ME, Inc., 1988).

Maximum dissolved iron concentrations were
measured in water samples from offsite wells
screened in the alluvial aquifer, specifically in
samples from depths of 10 to 18 feet (table 11).
Iron concentrations in these samples ranged
between 70 and 20,000 ^g/L, with the highest
concentration measured in a water sample from well
OSGW6-1 at a depth of 10 to 15 feet (table 11).
These high iron concentrations cannot be related
specifically to contamination from wood-preserving
processes, although ferrous (Fe2"1") iron may exist
in solution due to reducing conditions or a result of
microbial activity in the alluvial aquifer (Chapelle,
1993).

Dissolved chromium was measured at concentra-
tions ranging from 11 to 47 /zg/L in onsite water
samples from the alluvial and Fort Pillow aquifers
(S&ME, 1988) (fig. 10). By comparison, chro-
mium was measured in some water samples from
offsite wells screened in both the alluvial and Fort
Pillow aquifers, but at concentrations of 1 to
2 /ig/L (table 11). All chromium concentrations
measured in offsite ground-water samples were
below the primary MCL of 50 /ig/L (Tennessee
Department of Environment and Conservation,
1993).

Dissolved barium commonly was detected in
offsite water samples from the alluvial aquifer and
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the Fort Pillow aquifer, at concentrations ranging
between 9 and 180 /ig/L (table 11). These concen-
trations are below the primary MCL of 1,000 jig/L
(Tennessee Division of Health and Environment,
1993). The median barium concentrations for
water samples from wells screened in the alluvial
aquifer (60 /tg/L) and the Fort Pillow aquifer
(33 /xg/L) are consistent with the median barium
concentration reported for U.S. public water sup-
plies (43 /ig/L; Hem, 1985).

Dissolved strontium commonly was detected in
offsite ground-water samples at concentrations rang-
ing between 38 and 180 /ig/L (table 11). The
median strontium concentrations for water samples
collected from the alluvial aquifer (110 /xg/L) and
Fort Pillow aquifer (85 ng/L) are consistent with
the median value of strontium concentration
reported for U.S. public water supplies (110 Mg/L;
Hem, 1985).

Selected water-quality characteristics and con-
centrations of dissolved major inorganic constituents
were measured in water samples from the 36 wells
at the offsite stations (table 12). Generally, median
values for dissolved solids, hardness, and specific
conductance were higher in samples from wells
screened in the alluvial aquifer, compared to those
from wells screened in the Fort Pillow aquifer.
The range of pH in water samples from the alluvial
aquifer (5.3 to 6.5) was comparable to the pH
range measured in samples from the Fort Pillow
aquifer (5.4 to 6.5) (table 12).

Dissolved major inorganic constituent concen-
trations in offsite water samples did not differ sig-
nificantly between the alluvial aquifer and the Fort
Pillow aquifer (fig. 13). Mean values of selected
major inorganic constituent concentrations 'were
generally higher in the alluvial aquifer, particularly
for chloride and sulfate.

Dissolved chloride concentrations, and values
for dissolved solids and hardness were high in
water samples from wells screened in the alluvial
aquifer at stations OSGW5 and OSGW6, compared
to concentrations of these constituents in other
water samples from the alluvial aquifer (table 12).
High chloride, dissolved solids, and hardness con-
centrations are not specific indicators of contamina-
tion from the wood-preserving processes; however,
higher concentrations of these constituents and char-
acteristics indicate slight degradation of water
quality in alluvial aquifer wells at stations OSGW5

and OSGW6. This interpretation is consistent with
the measurement of BTEX compounds and trichlo-
roethylene in water samples from these wells
screened in the alluvial aquifer.

POTENTIAL FOR WATER-SUPPLY
CONTAMINATION

Potential for contamination of water-supply
wells was assessed during this investigation because
of concern that contaminants from the ACW site
may have reached upgradient municipal wells at the
JUD South Well Field east of the site, or down-
gradient domestic, industrial, and agricultural-
supply wells west of the site (fig. 14). Many of <
these wells are screened in the Fort Pillow aquifer
(table 13). The regional ground-water flow direc-
tion in the Fort Pillow aquifer generally is from
east to west in the area of the South Well Field and'
the ACW site (Parks and Carmichael, 1990a,
fig. 2), neglecting the effects of pumping at the
well field.

Concern about contamination problems at the
JUD South Well Field (fig. 14) and a need for
hydrologic information to plan a well-head protec-
tion program for the JUD North and South Well
Fields were the impetus for two previous USGS
investigations. A pilot study was conducted to
assess data needs and to demonstrate several meth-
ods for a preliminary delineation of areas contribut-
ing water to the JUD well fields (Broshears and
others, 1991). A second study included the use of
a computer model to simulate the three-dimensional
ground-water-flow system in the sand aquifers in
the Jackson area for hydrologic conditions in April
1989. A particle-tracking-program was applied to
output from the flow model to determine areas
contributing water to the JUD well fields (Bailey,
1993).

For this investigation, the particle-tracking
program was used to determine whether water from
the area of the ACW site could have reached the
JUD South Well Field under pumping conditions in
1978, a time when pumping at this well field was at
a maximum. Although the simulation showed that
most ground water from the area of the ACW site
traveled southward to the South Fork Forked Deer
River, some particles of water were shown to be
deflected toward the South Well Field because of

38 Hydrogoology, Ground-Water Quality, and Potential for Water-Supply Contamination
near an Abandoned Wood-Preeerving Plant Site at Jackion, Tennecaee



•s-

Table 12. Water-quality characteristics and concentrations of major inorganic constituents in water samples from 36
wells at offsite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant site

[USGS, U.S. Geological Survey; °C, degreei Ccliiui; jiS/cm, microsiemens per centimeter; mg/L, milligrami per liter. Valuei gives as < (less
thin) indicate thai the concentration waa below the level of detection fur the analytical method used and do not indicate the presence or absence of a
constituent]

Well number*
Project

and
map

OSGW1-1
OSGW1-2
OSGW1-3
OSGW1-4
OSGW1-5
OSGW1-6

OSGW2-1
OSGW2-2
OSGW2-3
OSGW2-4
OSGW2-5
OSGW2-6

OSGW3-1
OSGW3-2
OSGW3-3 .
OSGW3-4
OSGW3-5
OSGW3-6

OSGW4-1
OSGW4-2
OSGW4-3
OSGW4-4
OSGW4-5
OSGW4-6

OSGW5-1
OSGW5-2
OSGW5-3
OSGW5-4
OSGW5-5
OSGW5-6

OSGW6-1
OSGW6-2
OSGW6-3
OSGW6-4
OSGW6-5
OSGW6-6

USGS tool
tor

Tenneaeee

Md:G-367
Md:G-368
Md:G-369
Md:G-370
Md:G-371
Md:G-372

Md:G-373
Md:G-374
Md:G-375
Md:G-376
Md:G-377
Md:G-378

Md:G-379
Md:G-380
_Md:G-381
.Md:G-382
Md:G-383
Md:G-384

Md:G-385
Md:G-386
Md:G-387
Md:G-388
Md:G-389
Md:G-390

Md:G-391
Md:G-392
Md:G-393
Md:G-394
Md:G-395
Md:G-396

Md:G-397
Md:G-398
Md:G-399
Md:G-400
Md:G-401
Md:G-402

Screened
Interval below
Und aurfac*. Oat*

In feet aamplod

13 -
19 -
27 -
42 -
92 -

128 -

10 -
17 -
24 -
62 -
92 -

127 -

9 -
15 -
24 -
36 -
68 -

138 -

10 -
22 -
36 -
48 -
78 -

117 -

12 -
19 -
27 -
40 -
83 -

113 -

10 -
19 -
27 -
51 -
82 -

120 -

18
24
32
52

102
138

15
22
29
72

102
137

14
20
29
46
78

148

15
27
41
58
89

127

17
24
32
50
93

123

15
24
32
61
92

130

10-22-92
10-22-92
10-22-92
11-04-92
1 1-04-92
11-04-92

10-22-92
10-23-92
10-23-92
1 1-06-92
11-06-92
11-05-92

10-28-92
10-28-92
10-30-92
10-29-92
10-29-92
11-03-92

11-20-92
1 1-20-92
11-20-92
11-20-92
11-23-92
11-20-92

11-19-92
11-19-92
11-19-92
11-09-92
11-19-92
11-23-92

11-06-92
11-07-92
11-08-92
11-08-92
11-08-92
11-07-92

Field
temper-

ature
water
(°C)

18.3
19.8
18.3
21.1
20.5

. 15.4

18.9
18.5
18.4
19.4
15.4
18.8

19.0
18.3
17.2
19.9
18.9
16.8

18.6
18.0
18.5
18.8
17.4
16.7

19.2
17.1
20.0
17.0
16.9
16.4

19.7
18.4
19.1
16.6
16.9
15.7

Field
pH

(etandard
unite)

5.8
5.5
5.7
6.3
6.0
6 2

56
6.1
6.5
6.3
6.0
6.5

5.9
6.0
6.1
65
65
5.9

5.9
5.6
5.8
5.6
5.9
5.7

6 0
5.4
5.3
5.9
5.4
5.7

6.0
5.6
5.4
5.8
5.8
5.9

Field
epecific

conductance
|//S/cm

at25°CI

194
204
145
184
96
96

237
209
206
201
127
110

195
247
217
198
181
74

127
201

63
84
81
34

305
263
261
168
110
74

200
361
430
197
141
74

Solid*,
reeidue

at 180 °C
diaaolved

(mg/L)

130
128
86

121
72
69

150
131
136
132
100
71

124
164
135
128
118
64

66
124
40
68
48
26

159
156
152
99
93
55

107
224
292
121
108
56

Field
alka-
linity

(mg/L a*
CaCOj)

16
14
10
35
28
24

24
20
23
28
32
28

14
26
21
27
26
23

24
14
13
12
18
19

32
10
11
24
24
12

36
12
7

19
27
18

Hard-
neaa.
total

(mg/L ae
CaCO,)

44
45
36
53
28
22

54
50
53
62
32
28

43
59
53
47
40
19

24
49
14
18
15
9

50
50
54
42
28
14

33
68
91
49
37
20

Calcium,
diaeolved
(mg/L aa

Ca)

11
11
9.4

16
7.6
5.5

12
12
13
15
8.5
7.9

10
14
13
12
10
5.3

5
12
3.5
4.6
4 1
2.6

13
12
13
12
7.3
3.6

8.4
17
23
12
10
5.9
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Table 12. Water-quality characteristics and concentrations of major inorganic constituents in water samples from 36
wells at offsite stations OSGW1 through OSGW6 near the American Creosote Works abandoned plant site--
Continued

Well number*
Project

and
map

OSGW1-1
OSGW1-2
OSGWl-3
OSGW1-4
OSGW1-5
OSGW1-6

OSGW2-1
OSGW2-2
OSGW2-3
OSGW2-4
OSGW2-5
OSGW2-6

OSGW3-1
OSGW3-2
OSGW3-3
OSGW3-4
OSGW3-5
OSGW3-6

OSGW4-1
OSGW4-2
OSGW4-3
OSGW4-4
OSGW4-5
OSGW4-6

OSGW5-1
OSGW5-2
OSGW5-3
OSGW5-4
OSGW5-5
OSGW5-6

OSGW6-1
OSGW6-2
OSGW6-3
OSGW6-4
OSGW6-5
OSGW6-6

USG6 local
(or

Tenneaaee

Md:G-367
Md:G-368
Md:G-369
Md.G-370
Md:G-371
Md:G-372

Md:G-373
Md:G-374
Md:G-375
Md:G-376
Md:G-377
Md:G-378

Md:G-379
Md:G-380
Md:G-381
Md:G-382
Md:G-383
Md:G-384

Md:G-385
Md:G-386
Md:G-387
Md:G-388
Md.G-389
Md:G-390

Md.G-391
Md:G-392
Md:G-393
Md:G-394
Md:G-395
Md:G-396

Md:G-397
Md:G-398
Md:G-399
Md:G-400
Md:G-401
Md:G-402

Screened Mign»«lum. Sodium,
Interval below dieeolved diaeolved
land turfac*. Data (mg/L •• Img/L aa

In feet eampled Mgl Nal

13 -
19 -
27 -
42 -
92 -

128 -

10 -
17 -
24 -
62 -
92 -

127 -

9 -
15 -
24 -
36 -
68 -

138 -

10 -
22 -
36 -
48 -
78 -

117 -

12 -
19 -
27 -
40 -
83 -

113 -

10 -
19 -
27 -
51 -
82 -

120 -

18
24
32
52

102
138

15
22
29
72

102
137

14
20
29
46
78

148

15
27
41
58
89

127

17
24
32
50
93

123

15
24
32
61
92

130

10-22-92
10-22-92
10:22-92
11-04-92
11-04-92
11-04-92

10-22-92
10-23-92
10-23-92
11-06-92
11-06-92
11-05-92

10-28-92
10-28-92
10-30-92
10-29-92
10-29-92
11-03-92

11-20-92
11-20-92
11-20-92
11-20-92
11-23-92
11-20-92

11-19-92
11-19-92
11-19-92
11-09-92
11-19-92
11-23-92

11-06-92
11-07-92
11-08-92
11-08-92
11-0892
11-07-92

3.9
4.1
2.9
3.2
2.1
1.9

59
4.7
5.0
60
2.7
2.1

4.4
5.8
4.9
4.1
36
1.3

2.7
4.5
1.3
1.6
1.2
0.6

4.3
4.9
5.3
3.0
2.3
1.1

2.9
6.2
8.2
4.5
2.9
1.3

17
18
10
12
9.2

12

21
16
15
14
12
11

17
20
16
15
15
10

7.2
15
5.4
80
8.8
5.6

25
24
21
12
8.8
7.1

9.7
39
41
17
13
5.8

PotMaium,
diaeolved
(mg/L aa

Kl

1.6
1 8
1.6
4.2
2.1
1.5

1.4
1.6
1.6
2.0
5.6
1.1

1.3
1.7
1.7
3.3
1.6
1.4

1.0
2.2
1.0
3.0
1.4
1.4

2.7
2.1
2.3
1.5
9.0
1.3

1.9
2.6
2.8
1.8
2.9
1.3

Chloride,
dieeolved
Img/L aa

CD

13
14
2.9

14
2.1
7

15
16
15
13
10
8.1

13
15
16
15
14
6.8

8.6
19
5.0
8.0
6.8
0.9

45
38
33
12
10
7.7

8.7
69
80
17
11
5.2

Sulfate.
dieeaJved
(mg/L ••

S04I

40
43
12
7.1
3.8
7.3

53
33
22
27
5.3
2.4

45
53
29
17
16
3.4

12
24

1.5
2.0
2.4
1.7

27
24
24
13
4.1
1.3

11
26
39
22
7.0
1.2

Fluoride,
diaaolvad
(mg/L M

F)

<0.1
< .1
< .1
< .1

.1
< .1

< .1
< .1
< .1
< .1
< .1
< .1

< .1
< .1
< .1
< .1
< .1
< .1

< .1
< .1
< .1
< .1
< .1
< .1

< .1
< .1
< .1

.3
< .1
< .1

< .
< .
< .
< .
< .

Silica.
dieeolved
(mg/L ••

SiOj)

19
20
15
13
14
14

21
12
14
19
14
14

20
15
12
13
13
16

22
15
14
14
14
13

22
16
15
17
16
15

23
18
18
19
16

15
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5 10 15 20 25 30 35 40 45 50

MEAN CONCENTRATIONS, IN MILLIGRAMS PER LITER

n

EXPLANATION

16 WELLS AT OFFSITE STATIONS OSGW1 THROUGH OSGW6,
SCREENED IN ALLUVIAL AQUIFER

18 WELLS AT OFFSITE STATIONS OSGW1 THROUGH OSGW6.
SCREENED IN FORT PILLOW AQUIFER

STANDARD DEVIATION OF MEAN CONCENTRATION VALUE

Figure 13. Mean concentrations and standard deviations for major inorganic constituents measured in water samples
from 18 wells screened in the alluvial aquifer and 18 wells screened in the Fort Pillow aquifer at off site stations
OSGW1 through OSGW6 near the American Creosote Works abandoned plant site.

pumping stress at the well field. However, simula-
tions for 10- and 20-year time-of-travel indicated
that particles originating at the ACW site and trav-
eling toward the South Well Field did not travel far
enough to reach the nearest wells in the well field
(Z.C. Bailey, U.S. Geological Survey, written
commun., 1990).

Seven water-supply wells were sampled for
water quality during November to December 1992
and January 1993 to determine whether contami-
nants associated with the wood-preserving processes
could be detected in the Fort Pillow or alluvial
aquifers upgradient or downgradient from the ACW
site. These wells were selected from an inventory
of 50 water-supply wells (table 13) located within a
2-mile radius of the ACW site (fig. 14). The sam-

ples were analyzed for the same VOC's and SVC's
(table 9), trace elements (table 11), and water-
quality characteristics and major constituents in
ground water (table 12) as the samples from the 36
wells installed at offsite stations OSGW1 through
OSGW6 near the ACW site.

Wells W9 and W13 are JUD municipal wells
(table 13) that were installed in 1968 and 1975, and
both are located about 1 mile east of the ACW site
(fig. 14). These wells are 129 and 159 feet deep,
respectively, and are screened in the Fort Pillow
aquifer. VOC's were detected in water samples
collected from both wells on November 24, 1992,
and January 25, 1993 (table 14). Chloroform was
detected at concentrations of 0.2 /ig/L (wells W9
and W13, both samples). Tetrachloroethylene
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Figure 14. Location of the Jackson Utility Division South Well Field, water-supply wells inventoried within a 2-mile
radius of the American Creosote Works abandoned plant site, and 7 wells from which samples were collected for
water-quality analysis.
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Table 14. Concentrations of volatile organic compounds detected in water samples collected from seven water wells
within a 2-mile radius of the American Creosote Works abandoned plant site, November 1992-January 1993

[Concentrations ire in micrognms per liter O'g/L); (TDEC) Tennessee Department of Environment ind Conservation, 1993, (MCL) primary
maximum contaminant levels for drinking water, values given as < Qcu than) indicate that the concentration wai below the level of detection for
(he analytical method used and do not indicate the presence or absence of a compound; 'none* indicates no established maximum contaminant level
for the compound; — indicates no second sample collected]

Analytical
method

Synthetic organic minimum
compound detection limit

Chloroform 0.2

1,1-Dichloroethane .2

cis-1.2-Dichloroelhylene .2

Methylene chloride .2

Telrachloroefltylenc .2

Trichloroethylenc .2

Trichlorofiuoromethane .2

Trichlorolrifluoroethane .5

Well* in which
detected

W9

W13

W14

W16

W14

W16

W14

W46

W9

W13

W16

W14

W16

W16

W14

(Md:G-278)

(Md:G-283)

(Md:C-327)

(Md:G-329)

(Md:G-327)

(Md:G-329)

(Md:G-327)

(Md:G-403)

(Md:G-278)

(Md:G-283)

(Md:G-329)

(Md:G-327)

(Md:G-329)

(Md:G-329)

(Md:G-327)

Concentration
detected

Firat »ampl« Second aample

0.2 0.2

.2 .2

.2

.2 .2

.3 ' -

< .2 .2

.3

.6

2.4 2.5

2.2 3.1

45 69

.2

1.1 1.2

.5 .4

1.5

TDEC
MCL

none

none

none

none

none

5

none

none

detected at concentrations of 2.4 and 2.5 /ig/L (well
W9) and at 2.2 and 3.1 /ig/L (well W13).

Detection of chloroform and tetrachloroethylene
in wells W9 and W13 is consistent with analytical
data obtained from these wells in September and
November 1987 (Broshears and others, 1991,
table 5). These previous analyses showed that chlo-
roform was detected at concentrations of 0.2 and
0.3 pgIL (well W9) and 0.3 /zg/L in both samples
(well W13). Methylene chloride also was detected
at a concentration of 1.2 pg/L previously in a 1987
sample from well W13 (Broshears and others,

1991, table 5), but was not detected in the ground-
water samples collected for this investigation.

During September and November 1987, 2
samples were collected from each of 11 wells in the
JUD South Well Field and analyzed for 16 VOC's
(Broshears and others, 1991, p. 12-13). Tetra-
chloroethylene was measured in water samples from
eight wells at concentrations ranging between 0.2
and 23 jtg/L (Broshears and others, 1991, table 5).
Trichloroethylene was measured in water samples
from three wells at concentrations ranging between
0.3 and 3.3 /xg/L. Low concentrations of
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trans-1,2-dichloroethylene (0.2 to 0.6 /xg/L) and
benzene (0.2 to 1.4 /xg/L) also were measured in
water samples from three wells. Groundwater
Management, Inc., (GM) in an unpublished report
to JUD, 1987, speculated that the source of these
VOC's may be a leaky sewer receiving effluent
from a past or present user of the compounds
(Broshears and others, 1991, p. 11).

Tetrachloroethylene, trichloroethylene, and their
degradation products are among the most commonly
observed contaminants found in shallow ground-
water systems (Chapelle, 1993, p. 377). Tetrachlo-
roethylene and trichloroethylene are used in great
volumes as dry-cleaning fluids, refrigerants,
degreasing agents, and solvents. These compounds
also are relatively resistant to microbial degradation
under conditions commonly found in shallow
ground-water systems (Chapelle, 1993, p. 377).

Wells in the JUD South Well Field (fig. 14;
table 13) are located within an older part of Jackson
that is interspersed with industrial and commercial
establishments, including switching yards and main-
tenance facilities for railroads. Therefore, the
occurrence of the tetrachloroethylene, trichlor-
oethylene, and chloroform in the Fort Pillow aqui-
fer at the JUD South Well Field is problematic
inasmuch as these compounds may have entered the
aquifer from a single source, such as the leaky
sewer speculated by GM, or from multiple sources
in the well-field area. No VOC's or SVC's com-
monly associated with the wood-preserving pro-
cesses were detected in water samples from wells
W9 and W13.

Well W16, an industrial well installed in 1964
(table 13), is about 3/4-mile east of the ACW site
(fig. 14). This well is 132 feet deep, and is
screened in the Fort Pillow aquifer. Several VOC's
were detected in water samples collected from this
well on November 25, 1992, and January 25, 1993
(table 14). Tetrachloroethylene was detected at
concentrations of 45 and 69 /xg/L, trichloroethylene
at 1.1 and 1.2 xtg/L, trichlorofluoromethane at 0.5
and 0.4 xtg/L, chloroform at 0.2 /xg/L (both sam-
ples), and cis-1,2-dichloroethylene at 0.2 /xg/L (one
sample).

Detection of tetrachloroethylene and trichlor-
oethylene in water samples from well W16 extends
the area where these compounds have been detected
in samples from water-supply wells screened in the
Fort Pillow aquifer about 1/4 mile farther west than

had been determined previously (Broshears and
others, 1991). In addition, tetrachloroethylene (45
and 69 /xg/L) in water samples from well W16
represents higher concentrations than any measured
in samples from wells in the JUD South Well Field
(Broshears and others, 1991, table 5). These
VOC's are not commonly associated with wood-
preserving processes, although trichloroethylene has
been detected in water samples from the alluvial
aquifer beneath the ACW site (Parks and others,
1993).

Well W14 is an industrial well reported to be
30 feet deep (table 13). If the reported depth is
accurate, this well is in the alluvial aquifer. Well
W14 was sampled in January 1993 because of its
proximity (within a few hundred feet) to the ACW
site (fig. 14). Chloroform was detected in water
sample collected from this well at a concentration
of 0.2 /xg/L, 1,1-dichloroethane at 0.3 /xg/L, tri-
chloroethylene at 0.2 /xg/L, and trichloro-
trifluoroethane at 1.5 /xg/L (table 14). In addition
to these VOC's, several trace elements were
detected in water samples from this well at rela-
tively high concentrations (table 15). Cadmium
was detected at 13 /xg/L, chromium at 6 /xg/L,
cobalt at 89 /xg/L, nickel at 13 /xg/L, and vanadium
at 11 /xg/L. The source of the VOC's and rela-
tively high concentrations of trace elements detected
in the water sample from well W14 is problematic
inasmuch as the well is not located (fig. 14) in the
direction of ground-water flow in the alluvial aqui-
fer from the ACW site (fig. 6). Well W14 is
located in an industrial area downgradient from a
railroad switching yard and maintenance facility and
an old cemetery.

Most contaminants at the ACW site migrate in
the alluvial aquifer southwestward toward the South
Fork Forked Deer River at depths less than about
35 feet below land surface (Parks and others,
1993). Contaminants in the alluvial aquifer and
possibly the upper part of the Fort Pillow aquifer
that reach the South Fork Forked Deer River are
discharged in ground water entering the river
(fig. 7). However, some contaminants migrating at
greater depths in the Fort Pillow aquifer may travel
under the South Fork Forked Deer River and con-
tinue westward along the regional ground-water
flow direction in that aquifer (Parks and
Carmichael, 1990a, fig. 2). The average ground-
water flow velocity for the Fort Pillow
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Table 15. Concentrations of dissolved trace elements detected in water samples collected from seven water-supply
wells within a 2-mile radius of the American Creosote Works abandoned plant site

(USGS, U.S. Geological Survey; /ij/T., rnicrofrarnaper liter. Viluei givei i» < (!"• *in) indicate Ihil the concenlntion was below the level of
detection for the analytical method uied ind do not indicate the pretence or ibience of a constituent)

We
Project

and map
(fig. 14)

W9

W13

W14

W16

W31

W46

W47

Wall
Project

and map
(fig. 14)

W9
W13
W14
W16
W31
W46
W47

Wall
Project

and map
(fig. 14)

W9

W13
W14

W16

W31

W46

W47

I number*
USGS local

for
Tenneaaea

Md:G-278

Md:G-283
Md:G-327

Md:G-329
Md:G-344

Md:G-403

Md:G-404

numbara
USGS local

for
Tennaaaea

Md:G-278
Md:G-283
Md:G-327

Md:(7-329
Md.:G-344

Md.G-403
Md:G-404

number*
USGS local

for
Tannaaaa*

Md:G-278

Md:G-283
Md:G-327

Md:G-329

Md:G-344

Md:G-403
Md:G-404

Screened
Interval below
land aurface.

In feet

105 - 155

85 - 125
20 - 30

105 - 132
85 - 90

160 - 190
100 - 140

Screened
interval below
land aurlace.

in feet

105 - 155

85 - 125
20 - 30

105 - 132
85 - 90

160 - 190
100 - 140

Screened
interval below
land aurface,

in feel

105 - 155
85 - 125
20 - 30

105 - 132
85 - 90

160 - 190
100 - 140

Date
aampled

11-24-92

11-24-92
01-26-93

11-25-92

12-01-92

11-24-92

01-26-93

Date
aampled

11-24-92

11-24-92
01-26-93

11-25-92
12-01-92

11-24-92
01-26-93

Data
•ampled

11-24-92

11-24-92
01-26-93

11-25-92

12-01-92

11-24-92
01-26-93

Aluminum
diaaolved
(pg/L a*

AD

<10

20
<10

10
10

<10
<10

Copper.
diaaolved
0/g/L a*

Cul

2
2

<1

1
3
1

<l

Nickel.
diaaolved
U/g/L a*

Nil

<l

1
13

<1
<1
<1

<l

Areanic.
diaaolved
(//g/L aa

Aal

<,

<1

2
<1
<1
<1

<l

Iron.
diaeolved
(//g/L aa

Fa)

<3

8
56,000

16

13

43
35

Selenium,
dieaolved
U/g/L aa

Sal

<
<

<

<

<

<

<l

Barium.
diaaolved
(pg/L aa

Ba)

48

49

71

47

4

11

4

Lead.
diaaolved
(lig/L ea

Pb)

<t

3
<1
<1
<1
< i

<l

Silver,
diaaolved
(l/g/L aa

Ag)

<t

<1
<l
<1
<1
<1

<!

Beryllium,
diaeolved
U/g/L aa

Be)

<0.5

< .5
< .5
< .5
< .5
< .5
< .5

Lithium.
diaaolved
Urg/l aa

Li)

<4

<4
<4

<4

<4

<4
<4

Strontium,
diaaolved
U/g/L aa

Sr)

170
120
500
150

6
16
12

Cadmium, Chromium. Cobalt.
diaeolvad dieaolved diaaolved
(l/g/L a* U'g/L a* (ug/L aa

Cd) Cr) Col

<1 <1 <3

<1 <1 <3

13 6 . 89

<1 8 <3

<1 <1 <3

<1 <1 <3

2 4 <3

Manganeae. Molybdenum.
diaaolved diaaolved
U/g/L aa U»gA_ aa

Mn) Mo)

24 <10

3 20
4,900 <10

99 <10
<1 <10
i < 10

3 <10

Vanadium. Zinc.
diaaolved diaaolved
(//g/L aa U'g/L aa

VI Zn|

<6 <3

<6 6
11 27

<6 6

<6 <3

<6 <3
<6 7
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aquifer calculated for this investigation--10 feet per
year-indicates that contaminants entering the
ground-water flow system 50 years ago may have
migrated about 500 feet downgradient from the
ACW site. The maximum flow velocity calculated
for the Fort Pillow aquifer-130 feet per year-indi-
cates that contaminants may have migrated to dis-
tances of about 1 1/4 miles downgradient from the
site.

The closest wells west of the ACW site are
about 1 to 1 1/2 miles distant (fig. 14). These
wells range in depth from about 60 to 190 feet and
are screened in the Memphis aquifer (Parks and
Carmichael, 19905) or the Fort Pillow aquifer
(table 13). Three wells (W31, W46, and W47)
screened in the Fort Pillow aquifer were sampled to
determine if contaminants could be detected in the
ground water downgradient from the site (fig. 14).

Well W31 is a domestic well 90-feet deep, well
W46 is an agricultural well 190-feet deep, and well
W47 is an industrial well 140-feet deep (table 13).
No VOC's or SVC's were detected in water sam-
ples collected from these wells in November 1992
to January 1993, except for methylene chloride at a
concentration of 0.6 pgfL in well W46 (table 14).
Methylene chloride commonly is used in water-
quality laboratories and may have been detected in
the water sample from well W46 as a laboratory
contaminant.

Water-quality characteristics and concentrations
of dissolved major inorganic constituents were mea-
sured for the first samples collected from the seven
water-supply wells sampled during this investigation
(table 16). Comparison of water-quality data from
wells W9, W13, W16, W31, W46, and W47 with
minimum, median, and maximum concentrations

Table 16. Water-quality characteristics and concentrations of major inorganic constituents detected in water
samples collected from seven water-supply wells within a 2-mile radius of the American Creosote Works abandoned
plant site

[USGS. U.S. Geological Survey; °C, degrcei Celiiui; /iS/cm, microiiemeni per centimeter. mg/L, milligranu per liter. Vtluei given aa < (\en
than) indicate that (he concentration waa below the level of detection for the analytical method tiled and do not indicate the preaence or abaence of a
constituent; —, indicate no data)

-
Wall

Project
and
map

W9
W13

W14
W16
W31
W46
W47

numbara
USGS local

for
Tenneaaee

Md:G-278
Md:G-283
Md:G-327
Md:G-329
Md.G-344
Md:G-403
Md:G-404

Screened
interval below
land surface.

in feet

105 - 155
85 - 125
20 - 30

105 - 132
85 - 90

160 - 190
100 - 140

Date
•amplad

11-24-92
1 1-24-92
01-26-93
11-25-92
12-01-92
11-24-92
01-26-93

Field
temper-

ature
water
(°C|

16.6
17.2
15.2
16.9
16.0
15.6
-

Field
pH

Standard
unit*)

6.2
6.0
6.2
6.0
5.6
5.8
5.8

Field
•pecific
conduct-

ance (//S/cm
at 25°Ct

253
198
798
261
27
37
33

Solid*,
reaidue

at 180°C
dieeolved

(mg/L)

157
120
476
150
33
38
22

Field
alka-
linity

(mg/L aa
CaCO,)

36
20

121
35
13
9

11

Hard-
nee*.
total

(mg/L a*
CaCOj)

74
54

191
75

5
7
7

Calcium.
dissolved
(mg/L a*

Ca)

19
13
50
20

1.2
1.8
1.8

Well number*
Project

and
map

W9

W13
W14
W16
W31
W46
W47

USGS local
for

Tennenee

Md:G-278
Md:G-283
Md:G-327
Md G-329
Md:G-344
Md:G-403
MdG-404

Screened
interval below
land turface.

in

105
85
20

105
85

160
100

feet

- 155
- 125
- 30
- 132
- 90
- 190
- 140

Magnaeium,

Date
•ampled

11-24-92
11-24-92
01-26-93
11-25-92
12-01-92
11-24-92
01-26-92

diieolved
(mg/L a*

(Mgl

6.3

5.3
16
6
0.4

.7

.6

Sodium, Potaaaium,
diaaolved
(mg/L aa

Nal

12
12
28
15
2.4
3.7
3.0

diaaolved
(mg/L eg

K)

5.1
3.1
8.7
4.8
0.5

.8

.6

Chloride.
diaeolved
(mg/L aa

Cl|

12
12
91
16

1.7
3.0
1.0

Sulfete. Fluoride. Silica,
dieeolved diaaolved diaaolved
(mg/L aa (mg/L aa (mg/L aa

S04) F| Si02

50 <0.
37 < .
60
43 < .
0.3 < -

.3 < •

.9 < .

15
16
22
15
12
14
13
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in water samples from six wells screened in the
Fort Pillow aquifer in Madison County, Tennessee
(Parks and Carmichael, 1989, table 2), indicate that
water-quality characteristics and concentrations of
major constituents were consistent and show no
evidence of contamination. These data also are
consistent with major inorganic constituent concen-
trations measured in water samples from the 18
wells screened in the Fort Pillow aquifer at off site
stations OSGW1 through OSGW6 (table 12).

Some concentrations of dissolved major inor-
ganic constituents measured in the water sample
collected from well W14 are elevated (table 16) in
comparison to data from the 18 wells screened in
the alluvial aquifer at offsite stations OSGW1
through OSGW6. Chloride concentrations and
values for dissolved solids and hardness are three to
four times higher in the water sample from well
W14. Concentrations of these constituents and
characteristics, and some trace elements and
VOC's, indicate degradation of water quality at
well W14, although it is not suspected that this
degradation is the result of past activities at the
ACW site.

SUMMARY AND CONCLUSIONS

An investigation was conducted by the U.S.
Geological Survey at the American Creosote Works
(ACW) abandoned plant site at Jackson, Tennessee,
to determine the extent and magnitude of ground-
water contamination in nearby offsite areas and to
assess the potential for water-supply contamination
from the site. During its approximate 50-year
period of operation (from the 1930's to 1981),
activities at the ACW facility caused significant
contamination of soil, surface water, and ground
water. Both creosote and pentachlorophenol were
used in the wood-preserving process, and these
compounds are the primary contaminants affecting
ground-water quality at the site.

The Fort Pillow Sand of Tertiary age and allu-
vium of Quaternary age make up the Fort Pillow
and alluvial aquifers, parts of which underlie the
ACW site. The combined thickness of these aqui-
fers beneath the site is about 150 feet. The upper-
most part of the alluvium, which consists primarily
of clay, silt, and fine sand, serves as a relatively

thin upper confining unit for the Fort Pillow and
alluvial aquifers. Below the Fort Pillow aquifer is
a thick section of clay, which serves as a lower
confining unit separating the Fort Pillow and allu-
vial aquifers from the deeper McNairy aquifer.
The Fort Pillow and alluvial aquifers, which consist
primarily of sand, are not separated by a confining
unit of any significant thickness or area! extent.
However, differences in silt and clay content in the
sands affect contaminant migration in the subsurface
beneath the site.

The alluvial and Fort Pillow aquifers beneath
the ACW site are semi-confined. Water levels
generally are high throughout the year, ranging
from 1 to 10 feet below land surface. The potentio-
metric surfaces in the alluvial and Fort Pillow aqui-
fers at the site slope to the southwest toward the
nearby South Fork Forked Deer River. Average
ground-water flow velocities in these aquifers are
about 17 and 10 feet per year, respectively. The
pattern of vertical hydraulic gradient is somewhat
complex-downward, indicating recharge, in the
northern part of the site, and upward, indicating
discharge, in the southern part toward the South
Fork Forked Deer River.

Contaminants from the wood-preserving pro-
cesses have migrated into the subsurface as an oily
or non-aqueous phase liquid (NAPL) from onsite
sources such as waste lagoons and treatment areas.
The NAPL has descended into the alluvial aquifer,
and migrated downgradient with ground-water flow
and along zones of higher hydraulic conductivity in
the alluvial aquifer or the Fort Pillow aquifer,
creating a potential for ground-water contamination
away from the ACW site.

Four groups of organic compounds detected
onsite in the NAPL and ground water were:
(1) PAH's, (2) phenolic compounds (including
PCP), (3) nitrogen-containing heterocyclic com-
pounds, and (4) VOC's (primarily BTEX's). Maxi-
mum concentrations of organic compounds were
detected in samples from the onsite alluvial aquifer
at depths less than 35 feet below land surface.

Naphthalene, PCP, and quinoline are the princi-
pal ground-water contaminants resulting from
wood-preserving processes detected onsite. Naph-
thalene was the most common PAH detected in
water samples from the alluvial aquifer. This
compound was detected at concentrations ranging
between 2 and 7,600 /ig/L. PCP concentrations
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ranged between 80 and 3,200 /ig/L in these same
samples, with many sample concentrations exceed-
ing the proposed MCL for drinking water of
200 ng/L. Quinoline was not detected in any
ground-water sample.

VOC's (specifically BTEX's) were contained in
solvents used during the wood-preserving pro-
cesses. Of the BTEX compounds, ethylbenzene
was detected at the highest concentrations. Where
detected, benzene concentrations exceeded the
primary MCL of 0.5 /tg/L for drinking water in
seven of the nine water samples from the alluvial
aquifer at onsite stations.

Few organic compounds were detected in water
samples from onsite wells screened in the Fort
Pillow aquifer.. Naphthalene was the only PAH
detected. This compound was measured at a con-
centration of 2 iig/L at station 3 (125.5-135.5 feet).
Other VOC's detected were trichloroethylene at a
concentration of 6 /xg/L (station 5; 54-55 feet), and
methylene chloride in two samples at concentrations
of 9 /xg/L (station 2; 64-65 feet) and 150 /xg/L
(station 3; 125.5-135.5 feet).

Ground-water samples collected from offsite
stations with the DPT Hydrocone tool were ana-
lyzed for PAH's, phenolic compounds (including
PCP-X and nitrogen-containing heterocyclic com-
pounds using HPLC. Ground-water samples also
were analyzed for selected VOC's (including BTEX
compounds) using GC/PID. Water samples
pumped from the 36 wells at 6 offsite stations were
analyzed for selected VOC's and SVC's. Dissolved
trace elements and major inorganic constituents also
were measured, and water-quality characteristics
were determined for these samples.

Relatively low concentrations of naphthalene,
trihalomethanes, and other VOC's were detected in
water samples from the alluvial aquifer at offsite
stations. Naphthalene was detected in a total of
five samples from offsite wells screened in the
alluvial aquifer. Using the HPLC method, naphtha-
lene was detected at concentrations of 10 /xg/L (2
samples), and 20 iig/L (one sample) at depths of 17
to 24 feet. Using the GC/PID method, naphthalene
was detected at concentrations of 0.6 and 3.0 ng/L
at depths of 10 to 27 feet. Trihalomethanes were
detected in one water sample from a well screened
in the Fort Pillow aquifer, at a sum concentration
(bromoform, chloroform, bromodichloromethane,
and dibromochloromethane) of 1.5 /xg/L.

BTEX's were the most commonly detected
VOC's in water samples collected using DPT
method and by pumping wells at offsite stations.
Considering the BTEX data in ground-water sam-
ples collected by the DPT method from the alluvial
aquifer, toluene and ethylbenzene concentrations
ranged between 2 and 10 /xg/L, and xylene concen-
trations ranged between 2 and 790 /ig/L. Benzene
was not detected in any offsite ground-water sample
collected by the DPT method. Because of differ-
ences in the sampling methods, the concentrations
in ground-water samples collected by the DPT
method are generally 10 times greater than concen-
trations detected in samples collected by pumping
wells.

BTEX concentrations in water samples pumped
from offsite wells screened in the alluvial aquifer
ranged between <0.2 and 1.6 /xg/L, for each com-
pound, where detected. BTEX compounds also
were detected in samples pumped from the wells
screened in the Fort Pillow aquifer. Benzene was
detected at a concentration of 0.2 /xg/L in two
ground-water samples (82-92 feet and
120-130 feet). Xylenes also were detected at con-
centrations of 0.9 and 0.7 /xg/L in these same sam-
ples, respectively.

Concentrations of all organic compounds were
low in water samples collected from offsite wells.
Sorption of contaminants on clay-mineral surfaces
and microbial degradation are suspected to have
limited the migration of PAH's from the ACW site
and contributed to the attenuation of PAH's, pheno-
lic compounds, and nitrogen-containing heterocyclic
compounds offsite.

Trace elements were measured in water samples
collected from all wells at offsite stations. Barium,
cobalt, iron, manganese, nickel, strontium, and zinc
were detected most commonly. Concentrations of
trace elements were below primary MCL's in all
ground-water samples.

To assess the potential for contamination of
water-supply sources from the ACW site, 7 wells
selected from 50 wells inventoried within a 2-mile
radius of the site were sampled for water-quality
data. These samples were analyzed for the same
organic compounds and inorganic constituents as
were the water samples from 36 wells at the six
offsite stations. Two municipal wells and an indus-
trial well were sampled, all screened in the Fort
Pillow aquifer east (upgradient) of the ACW site.
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Tetrachloroethylene, trichloroethylene, chloroform,
and other VOC's were detected in water samples
from these wells. The detection of these com-
pounds, which are not commonly associated with
the wood-preserving processes, is problematic
inasmuch as multiple sources for these compounds
exist in the area of the wells.

An industrial well screened in the alluvial aqui-
fer in immediate proximity (upgradient) of the
ACW site also was sampled. VOC's and relatively
high concentrations of some trace constituents,
chloride, dissolved solids, and hardness were
detected. Degradation of water quality in this well
is not directly attributable to contamination from the
wood-preserving processes.

A domestic well, an industrial well, and an
agricultural-supply well west (downgradient) of the
ACW site were sampled for water-quality analysis.
No organic or inorganic contaminants were detected
in the water samples from these wells, except a low
concentration of methylene chloride in one well.
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APPENDIX 1: FIELD WORK AND
PROCEDURES

Field work preformed for the offsite ground-water
investigation at the American Creosote Works (ACW)
abandoned plant site included: (1) inventorying water-
supply wells within a 2-mile radius of the site,
(2) drilling and geophysical logging 9 stratigraphic test
holes at 6 offsite stations (OSGW1 through OSGW6) and
3 onsite stations (4, 6 and 7), (3) collecting ground-water
samples using Direct Push Technology (DPT) methods at
the 6 offsite stations and analyzing these samples using
gas chromatography with photo-ionization detection
(GC/PID) and high-performance liquid chromatography
(HPLC) methods, (4) measuring water levels in 33 onsite
monitoring wells and 36 offsite wells and maintaining
continuous water-level recorders on 2 onsite wells,
(5) installing and developing 36 wells at the 6 offsite
stations, (6) sampling the 36 offsite wells and 7 water-
supply wells within a 2-mile radius of the ACW site. A
description of these tasks and the general procedures
followed are summarized below.

Water-Well Inventory

An inventory of domestic, commercial, industrial,
agricultural, municipal, and unused water-supply wells
within a 2-mile radius of the ACW site was conducted by
the U.S. Geological Survey (USGS) from June through
August 1990. This was a follow-up of an inventory of
water wells located in this area for the RI/FS (S&ME,
Inc., 1988). The USGS inventory was limited to wells
for which driller's records were available in the files of
the U.S. Geological Survey (USGS), Tennessee Depart-
ment of Environment and Conservation (TDEC)
(Division of Ground Water Protection), and die Jackson
Utility Division (Jl/D). Records of a few wells with
potential for water-quality sampling also were obtained
from water-well contractors.

Fifty wells with records were located in the field on
USGS 7 1/2-minute topographic quadrangles. During
the inventory, many other wells were located for which
records were not available from government sources.

Stratigraphic Test Holes

An oosite stratigraphic test hole (Md:G-326) was
drilled in May 1990 using the hydraulic-rotary method
by Wilson Well Company, Inc., Whiteville, Tennessee.
Samples of the cuttings from the test hole were collected

every 10 feet, to a total depth of 245 feet. Electric and
natural-gamma ray geophysical logs were made in the
uncased test hole by USGS. The test hole then was
completed as a water-level observation well, using 4-inch
polyvinyl chloride (PVC) casing and screen. The screen
was set from 134 to 154 feet below land surface.

Eight stratigraphic test holes were drilled by the
USGS during October through November 1991. A test
hole was drilled at each of the six offsite stations
(OSGW1 through OSGW6) and onsite stations 4 and 6.
Four-inch-diameter test holes were drilled by the
hydraulic-rotary method using a trailer-mounted Central
Mine Equipment (CME) Model 55 drilling rig. A Gel-X
bentonite mixed with JUD city water was used as the
drilling fluid. During the drilling, samples of cuttings
from the test holes were collected at 10-foot intervals.

When total depth was reached, the drill stem was
removed from the bore hole, and electric and natural-
gamma ray geophysical logs were made in each test
hole. The test holes were then abandoned, and the bore
holes backfilled to land surface with a cement/bentonite-
grout mixture.

DPT Methods of Exploration and Sampling

Direct Push Technology (DPT) subsurface explora-
tion and sampling methods were conducted at offsite
stations OSGWl through OSGW6 during July through
August 1992. A previous evaluation of these methods at
onsite stations 2 and 5 (Parks and others, 1993) resulted
in a decision to use these methods at the six offsite sta-
tions to the depth of refusal of the DPT equipment. The
DPT work at the six offsite stations consisted of four
components: (I) collection of lithologic data with the
piezocoae tool, (2) collection of ground-water samples
using the Hydrocone tool, (3) field analysis of ground-
water samples collected with the Hydrocone tool by the
GC/PID method, and (4) laboratory analysis of splits of
these samples by the HPLC method.

Lithologic data was collected at each of the six
offsite stations by pushing the Piezocone tool to the
depth of refusal of the DPT equipment. Point-stress,
sleeve-friction, and pore-pressure data recorded as the
tool was pushed through the sediments were used to
identify lithologies and determine water levels. Five to
seven 1-foot sampling intervals at each station were
selected from this data for collection of ground-water
samples with the Hydrocone tool. Hydraulic conducti-
vity of the sampling intervals was estimated from filling
rates of the Hydrocone tooJ as the samples were col-
lected.

Headspace analyses of ground-water samples col-
lected from each sampling interval were made in the
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field for a reduced list of VOC's from modified USEPA
Methods 601 and 602 using the contractor's GC/PID. In
addition, splits of the ground-water samples were col-
lected with the Hydrocone tool for analysis of selected
creosote and PCP related organic compounds using
HPLC methods. The results of the GC/PID and HPLC
analyses were used to refine previously selected screen
depths for wells installed at the six offsite stations at
depths shallower than about 40 feet.

Well Installation and Development

Thirty-six monitoring wells were installed at the six
offsite stations by the USGS during June through August
1992 using a trailer-mounted CME Model 55 drilling rig.
These wells were installed in clusters of six wells at each
of the six offsite stations where the stratigraphic test
holes were drilled and the DPT work was conducted.

Shallow wells (13 to 42 feet deep) at each station
were installed by augering methods. Clean, 3 1/4- or
6 1/4-inch inside diameter, hollow-stem augers with a
removable plug in the bit were used to drill these wells.
Augers of this size allowed for an appropriate length of
nominal 2-inch inside diameter Schedule 40 threaded and
flush-jointed PVC casing and screen to be installed inside
the augers to the completion depth of each well. Five-
foot long, 0.010-inch slot screens were used for the
shallow wells. Clean, 2-inch-diameter casing and screen
witlfa drive point were lowered to the bottom of the
augers. The plug in the bit was pushed out using the
drive point attached to the bottom of the screen. The
augers were pulled back about 7 feet to a point where the
bit was about 2 feet above the top of the screen.

It was planned to pour a clean, well-graded sand
through the augers to pack the annular space from the
bottom of the hole to a point 2 feet above the top of the
screen (bottom of the augers). In most cases, collapse of
the bore hole around the screen and casing occurred too
rapidly to pour a sand pack around the screen. How-
ever, a weighted tape was used to measure the depth to
the top of the collapse to insure that it was at least 2 feet
above the top of the screen. Bentonite pellets (1/2-inch
diameter) then were emplaced above the sand pack
through the augers to form at least a 2-foot thick seal
above the sand pack and around the casing. A neat-
cement grout consisting of a mixture of about 6 gallons
of potable water per 94-pound bag (1 cubic foot) of
Portland Type I cement (creating a grout weight of about
15.5 pounds per gallon) was prepared. This grout was
pumped with a pressure-grouting machine through a hose
lowered to the base of the augers, and grouting was
conducted as each 5-foot auger flight was extracted from
the auger hole. By this method, the auger hole was

backfilled with cement grout from the top of the benton-
ite seal to land surface.

Deep wells (46 to 148 feet deep) at each station were
installed by the hydraulic-rotary method. Gel-X benton-
ite mixed with JUD city water was used as the drilling
fluid. Clean drilling tools were used to drill a nominal
8-inch-diameter hole to the desired completion depth of
each well. Once completed, the appropriate length of
clean, nominal 4-inch inside diameter Schedule 40
threaded and flush-jointed PVC casing and screen was
connected together and lowered to the bottom of the
hole. Ten-foot long, 0.010-inch slot screens for the deep
wells. JUD city water was pumped down the casing and
out through the screen to flush the drilling mud from the
casing and thin the mud in the annular space. A clean,
1-inch-diameter PVC tremie pipe then was placed in the
annular space and a sand pack, bentonite-slurry seal, and
neat-cement grout were installed around the casing and
screen in each deep well, similai to that installed in the
shallow wells.

The wells then were capped and 7-foot-long, 4-inch-
diameter, lockable, steel well protectors were installed
over the wells. The well protectors were anchored about
2 feet below land surface and extended about 5 feet
above land surface to accommodate seasonal high water
in the offsite areas. Finally, a cement apron 4-feet
square and 4-inches thick was poured around the well
protectors to seal the well from contamination from
surface sources.

Development of the wells consisted of alternating
pumping and recovery of the wells to remove materials
smaller than the screen slot-opening width from the
adjacent sand packs and formations. Development of the
shallow wells was conducted using a 2-inch centrifugal
pump. Water-level drawdowns in the deep wells
exceeded the depth at which the centrifugal pump could
be used. Therefore, these wells were developed with a
4-inch submersible pump. All wells were pumped until
they produced clear, sediment-free water.

Water-Level Measurements

Water-level measurements were made with an elec-
tric tape. After each measurement, the tape was decon-
taminated before measuring the next well. The probe
was washed with a Liquinox and de-ionized water solu-
tion, followed by a de-ionized water rinse, a pesticide-
grade methanol rinse, and a high purity organic-free
water rinse. Water-level measurements were made in
the 36 offsite wells prior to sampling for water quality to
provide data from which the volumes of water to be
evacuated from the wells could be calculated and the
pump-setting depths could be determined. Water-level
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measurements in the 33 onsite wells were made after the
36 offsite wells to lessen the chances of cross-
contamination.

Well Sampling for Water Quality

Prior to sampling the 36 offsite wells, all equipment
was decontaminated. A submersible pump used to evac-
uate some of the wells was decontaminated by pumping
copious amounts of a Liquinox soap and JUD city water
solution followed by JUD city water and finally
de-ionized water. Other sampling equipment (centrifugal
pump intake and bailer wire) that contacted the water
samples was decontaminated with a Liquinox soap and
JUD city water solution, followed by rinsing with
de-ionized water, pesticide-grade methanol, and high
purity organic-free water. Equipment that contacted
water for inorganic analysis only was decontaminated
with a Liquinox soap and de-ionized water solution
followed by a rinse with de-ionized water. The sample-
split churn also was rinsed with water from the next well
sampled.

Wells were purged of a minimum of three casing
volumes of water before sampling and until measure-
ments of pH, specific conductance, and temperature had
stabilized. A centrifugal pump fitted with a.6-foot long,
stainless steel-rube intake (for easy decontamination) was
used to purge wells. When water-level drawdowns were
greater than the suction lift of this pump, a 2-inch
stainless-steel submersible pump was used to evacuate
the wells. During purging, pumping rates were gener-
ally about 1 gallon per minute.

Ground-water samples were collected with dispos-
able Teflon bailers. The bailer wire was stainless-steel
with a Teflon sheath that was decontaminated before use
at the next well, following the procedure described
above. Samples for dissolved inorganic analyses were
filtered through a 0.45-nucron filter and preserved with
nitric acid to lower the pH to less than 2. Ground-water
samples for VOC and SVC analysis were chilled imme-
diately after collection and sent by overnight mail to the
USGS laboratory.

Ten quality control/quality assurance samples were
collected during the sampling. Three of these samples
were duplicate ground-water samples, three were trip
blanks, and four were field-equipment blanks. The field-
equipment blanks consisted of high-purity organic-free
water that had been rinsed over the equipment used to
collect the samples.

VOC analyses for water samples from 24 wells
sampled at stations OSGW1, OSGW2, OSGW3, and

OSGW6 showed concentrations of 1 to 3 ng/L of toluene
in all of the samples, including a field-equipment blank.
Once this problem was identified, sampling was stopped
and efforts were made to determine the cause of the
toluene QA/QC problem. The source was not deter-
mined, and after a 2-week hiatus, sampling resumed with
minor changes: (1) a different source of high purity
organic-free rinse water was used and (2) the disposable
bailers were rinsed with high purity organic-free water
before use. Analyses of successive samples collected at
stations OSGW4 and OSGW5 did not detect toluene at
concentrations above the detection limit (0.2 /xg/L),
indicating that the QA/QC problem had been resolved.

To confirm that detection of toluene was a QA/QC
problem during the earlier sampling, wells OSGW1-2,
OSGW1-6, OSGW2-3, OSGW2-6, OSGW3-2,
OSGW3-6, OSGW6-2, and OSGW6-6 were resampled
January 6 and 7, 1993, and re-analyzed for VOC's.
Wells OSGW1-2, OSGW2-3, OSGW3-2, and OSGW6-2
were selected for resampling because these wells had the
highest concentrations of toluene measured in samples
from the alluvial aquifer. Wells OSGW1-6, OSGW2-6,
OSGW3-6, and OSGW6-6 were selected because these
were the deepest wells screened in the Fort Pillow aqui-
fer in which toluene had been measured. Concentrations
of toluene in the second set of water samples from these
wells were below the detection limits, except for a con-
centration of 0.3 /tg/L in well OSGW6-2.

General procedures followed during the sampling of
the 7 offsite water-supply wells within a 2-mile radius of
the American Creosote Works abandoned plant site were
similar to the procedures for the 36 offsite wells, except
the water-supply wells were pumped for at least 1 hour
before sampling. Equipment that contacted water sam-
ples collected for inorganic analysis was decontaminated
with a Liquinox soap and de-ionized water solution
followed by a rinse with de-ionized water. The sample-
split chum also was rinsed with water pumped from the
next well to be sampled. Prior to sampling, the wells
were purged using a minimum of three casing volumes
and until measurements of pH, specific conductance, and
temperature stabilized. Water samples were collected
from discharge points as close to the well as possible.

The existing pump in well W14 did not work and
prevented the use of the submersible or centrifugal
pump. Therefore, the well was purged and sampled with
a peristaltic pump, which could have caused a decrease
in the VOC concentrations as a result of the vaccum
created when the pump is used. The slow pumping rate
precluded pumping three casing volumes of water prior
to sampling, but measurements of pH, temperature, and
specific conductance had stabilized.
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APPENDIX 2

Lithologic and geophysical logs for stratigraphic test holes drilled at 3 onsite and 6 offsite stations and well
construction diagrams for 36 wells installed at the 6 offsite stations, American Creosote Works abandoned plant site at
Jackson, Tennessee



APPENDIX 2:

Lithologic and geophysical logs Tor stratigraphic test holes
drilled at 3 onsite and 6 o f f s i te stations and well

construction diagrams for 36 wells installed
at the 6 o f fs i te stations

EXPLANATION

GEOPHYSICAL LOGS

X-ray NATURAL GAMMA-RAY LOG.
RADIOACTIVITY INCREASES —

Sp SPONTANEOUS POTENTIAL OF
ELECTRIC LOG

R RESISTANCE OF ELECTRIC LOG

LITHOLOGIC SYMBOLS

Lignite

Clay

Sandy clay

Sand

Sand with clay
interbeds

Sand and gravel

Lithology is from driller's logs,
geophysical logs, and 1 0-foot -
interval samples. Descriptions
of colors are from the
"Rock.Color Chart" of
the Geological Society of America.
Sand sizes are from a visual
comparison card based on the
Wentvorth grade scale of
particle size.

OSGW1-1 X

(Md:G-367)

2-inch veil

Screened
interval

/-ray

- Project and map veil number
USGS local veil number for Tennessee

<e

Well protector

p

S.N

5*?38

1ssS

Land surface

Bentonite grout

Bentonite
/ seal

Sand pack

4-inch veil

Observation veils at the six offsite stations
near the American Creosote Works abandoned
plant site are constructed vith 2- and 4-inch
poly vinyl chloride (PYC) casing and screens.
The veils vere developed vith a submersible
and centrifugal pump until the veils produced
clear, sediment-free vater.
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OFFSITE STRATIGRAPHIC TEST HOLE 1 (rid: G-359) AT STATION OSGW 1

Location: About 1,200 feet east of the South Fork Forked Deer River
and 200 feet south of the Seaboard Railroad

Latitude. 35 36'28' Longitude: 88 50'05'
Alt i tude of land surface: 343feet above sea level
Date completed: October 8,1991
Total depth reached: 218 feet below land surface
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OFFSITE STRATIGRAPHIC TEST HOLE 2 (Fid: G-360) AT STATION OSGW2

Location: About 700 feet east of the South Fork Forked Deer River
and 200 feet south of the Seaboard Railroad

Latitude: 35 36'27' Longitude. 8850*11'
Altitude of land surface: 342 feet above sea level
Date completed: October 10.1991
Total depth reached: 240 feet below land surface
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STATION OSGW2
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OFFSITE STRATIGRAPHIC TEST HOLE 3 (Md: G-361 ) AT STATION OSGW3

Location: about 300 feet east of the South Fork Forked Deer River
and 200 feet south of the Seaboard Railroad

Latitude: 35 36'27- Longitude: 88 50'16'
Altitude of land surface: 341 feet above sea level
Date completed: October 22, 1991
Total depth reached: 236 feet below land surface
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OFFSITE STRATIGRAPHIC TEST HOLE 4 (rid: G-362) AT STATION OSGW4

Location: About 300 feet west of Central Creek and
300 feet north of the Seaboard Railroad

Latitude: 35 36'32' Longitude: 88 50'2\ '
Altitude of land surface: 343feet above sea level
Date completed: October 24, 1991
Total depth reached: 236 feet below land surface
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OFFSITE STRATIGRAPHIC TEST HOLE 5 (Md: G-363) AT STATION OSGW5

Location: About 100 feet west of Central Creek and
700 feet north of the Seaboard Railroad

Latitude: 35 36'37' Longitude: 88 50'_2I"
Altitude of land surface: 342 feet above sea level
Date completed: October 27.1991
Total depth reached: 220 feet below land surface
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OFFSITE STRATIGRAPHIC TEST HOLE 6(hd: G-364) AT STATION OSGW6

Location: About 200 feet west of Central Creek and
1,000 feet north of the Seaboard Railroad

Latitude: 35 36'39" Longitude: 88 50'23~
Altitude of land surface: 342 feet above sea level
Date completed: October 25,1991
Total depth reached: 229 feet below land surface
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ONSITE STRATIGRAPHIC TEST HOLE I (Md: G-326) AT STATION 7

Location: in the northeast part of the American Creosote Works
site near monitoring wells 7 and AMW-1

Latitude: 35 36'38- Longitude: B8 49'55
Altitude of land surface: 348 feet above sea level
Date completed: May 15, 1990
Total depth reached: 245 feet below land surface
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ONSITE STRATIGRAPHIC TEST HOLE 2 (Md: G-365) AT STATION 4

Location: In the northern part of the American Creosote Works site
about 50 feet south of monitoring wells 45, 4(1, and 40

Latitude: 35 36'42' Longitude: 88 SO'OB'
Altitude of land surface: 344 feet above sea level
Date completed: November 19, 1991
Total depth reached: 223 feet below land surface
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ONSITE STRATIGRAPHIC TEST HOLE 3 (Md: G-366) AT STATION 6

Location: Jn the southern part of the American Creosote Works site
about 100 feet north of the Seaboard Railroad

Latitude. 3536'31' Longitude: 88 50'03'
Altitude of land surface: 346 feet above sea level
Date completed: November 20, 1991
Total depth reached: 218 feet below land surface
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